




UNIVERSIDADE ESTADUAL DE CAMPINAS 









TAXONOMIA INTEGRATIVA DE ESPÉCIES DE GASTROTRICHA SEMI-
PLANCTÔNICO E CLASSIFICAÇÃO BASEADA EM EVIDÊNCIA TOTAL 
 
 
INTEGRATIVE TAXONOMY OF SEMI-PLANKTONIC GASTROTRICHA SPECIES 












CAMPINAS - SP  
2021  
AXELL KOU MINOWA 
 
TAXONOMIA INTEGRATIVA DE ESPÉCIES DE GASTROTRICHA SEMI-
PLANCTÔNICO E CLASSIFICAÇÃO BASEADA EM EVIDÊNCIA TOTAL 
 
 
INTEGRATIVE TAXONOMY OF SEMIPLANKTONIC GASTROTRICHA 
SPECIES AND CLASSIFICATION BASED ON TOTAL EVIDENCE 
 
 
Dissertação apresentada ao Instituto de Biologia da 
Universidade Estadual de Campinas como parte dos 
requisitos exigidos para a obtenção do título de Mestre 
em Biologia Animal, na área de Biodiversidade Animal. 
 
Dissertation presented to the Institute of Biology of the 
University of Campinas in partial fulfillment of the 
requirements for the degree of Master in Animal 
Biology, in the area of Animal Biodiversity. 
 
Orientador: André Rinaldo Senna Garraffoni 
 
ESTE ARQUIVO DIGITAL CORRESPONDE À 
VERSÃO FINAL DA DISSERTAÇÃO DEFENDIDA 
PELO ALUNO AXELL KOU MINOWA E ORIENTADO 








Campinas, 04 de março de 2021 
COMISSÃO EXAMINADORA 
  
Prof. Dr. André Rinaldo Senna Garraffoni 
Dr. Silvio Shigueo Nihei 
 Prof. Dr. André Victor Lucci Freitas  
 
 Os membros da Comissão Examinadora acima assinaram a Ata de Defesa, que se 





A Ata da defesa com as respectivas assinaturas dos membros encontra-se no 
SIGA/Sistema de Fluxo de Dissertação/Tese e na Secretaria do Programa de Pós-Graduação da 
















Eu achava incrível ter chegado até aqui, mas lembrando de todas as pessoas que me 
suportaram, a coisa começa a fazer sentido. 
Começo agradecendo ao meu professor, orientador e amigo, André Rinaldo Senna 
Garraffoni, por todo o apoio na escrita dos manuscritos e incentivo em todos os sentidos. Por 
todos os conselhos e broncas. Agradeço por me deixar fazer parte da fundação do laboratório 
de meiofauna, começando pela salinha-geladeira-de-gastrotrica até agora com uma máquina de 
café expresso. 
Agradeço à minha família, aos meus pais, Isack e Marceline, por toda a compreensão e 
apoio silencioso. Aos passeios por aí, mostrando o mundo e a paciência de deixar o carro parado 
enquanto eu ia com o potinho de Nutella pegar água suja.  
Agradeço àqueles da família que se estendem para além da casa, Isabella (Isa), 
Wellington (Well) e Daniel (Dani) que sempre estiveram juntos comigo mesmo de longe, 
sobrevivendo às aventuras e assustando crianças. Ao Miguel (Minhoca) e Aninha com seu filho 
Caê, Juliano (Jota), Thiago (T) pela falta de noção, mas com responsabilidade. Todos foram 
referências para formação de caráter, pelo ambiente aconchegante e familiar que construíram à 
minha volta. Sem esquecer da Lúcia (Kakazu) e Ilana (Majerowicz) suas lindas, vocês me 
ensinaram tanto só por existirem. 
Agradeço aos meus amigos, de perto e de longe, de antes e de agora. Especialmente ao 
João Pedro V. Mariz (Peixera), esse cara é realmente especial, todos os bandecos, as conversas, 
os treinos do Taekwondo, as tardes estudando. Muito do que eu alcancei na vida tem sua marca!  
Agradeço a Mariana Bombardi (Marimari), Marina Melchior (Mari), Tatiane 
Yamaguchi, Scott Carrara, Ton e Jasmim, Dolores Pissolato, Bruna Rafaela, Diego DaVila, 
Aline Marrara, Aramys Mello e Isabela (que esqueci o nome). Só consegui sobreviver a essa 
fase da vida pela presença de todos. Os bandejões, apesar do cozido misto, os rolês 
gastronômicos, os bolos surpresa, as rodas de estudo pra prova de genética. Agradeço também 
aos meus amigos de longe, Kevin de Wit, Hans Müller, Bruno de Block, Renan Groot (Banana), 
Raissa Bijkerk, Bárbara Olops (Beó), Carol Antunes, Fernanda Oberg, Renata Kors, saudades 
de vocês, cada um pegou seus respectivos caminhos mas têm um cantinho especial no meu 
coração. 
Aqueles amigos do LEOM, Ariane, Thiago Araújo (Chulão), Nathan, Emiliana, 
Giovane, Isadora, Kayla, Fernanda, Patrícia, Paola, Erika, Letícia, Ewerton. Vocês enchem o 
laboratório de ânimo e me divertia daquelas conversas mesmo naqueles dias que estive com o 
fone. Agradeço aos professores Maikon Di Domenico e Leonardo Yokoyama pela revisão do 
texto aumentando em muito a sua qualidade. 
Agradeço à minha irmã, minha esposa Cecília Hulshof Minowa, nada do que sou jamais 
seria sem sua alegre companhia. 
Expresso minha gratidão à Universidade Estadual de Campinas pela infraestrutura 
oferecida durante o desenvolvimento do projeto, principalmente ao Laboratório de Microscopia 
Eletrônica (LME) e Centro de Biologia Molecular e Engenharia Genética (CBMEG). Este 
projeto foi realizado no âmbito do Auxílio Fundação de Amparo à Pesquisa do Estado de São 
Paulo (FAPESP: 2014/23856-0) coordenado pelo Prof. Dr. André Rinaldo Senna Garraffoni e 
Bolsa de Mestrado de Fluxo Contínuo (FAPESP: 2019/01955-0).  
O presente trabalho foi realizado com apoio da Coordenação de Aperfeiçoamento de 




“Some of you may have a healthy relationship with 
deadlines, but remember: the Monkey's sneakiest 
trick is when the deadlines aren't there."  
 [Inside the mind of procrastinator - Tim Urban] 
 
"You should never underestimate  
nature's capacity for surprise." 
[Journey to the Microcosmos - Hank Green] 
 
“E Hans estava lá…” 
[O Peão Passante - Elisa Hulshof] 
 
   
RESUMO 
 
Entre os metazoários menos conhecidos, facilmente podemos destacar o filo Gastrotricha, um 
grupo de microinvertebrados aquáticos acelomados encontrados em praticamente todos os 
ambientes aquáticos do mundo, dulcícolas ou marinhos. À exceção da maioria bentônica deste 
filo, alguns animais apresentam diversas modificações que permitem o hábito de vida semi-
planctônico no perifíton dulcícola, entre raízes de plantas aquáticas. Apesar de seus 
representantes serem conhecidos há mais de um século, pouco se sabe de sua evolução, ecologia 
e distribuição geográfica. Exceto pela hipótese de origem única da linhagem semi-planctônica 
a partir de um ancestral bentônico, suas relações internas de parentesco ainda são controversas, 
com resultados filogenéticos conflitantes quanto a origem das famílias e seus subgrupos. Neste 
contexto, o presente trabalho utiliza-se de uma taxonomia integrativa para — além de acessar 
a biodiversidade — elucidar a história evolutiva do táxon sob uma abordagem de evidência 
total, com diferentes fontes de dados, tanto morfológicos quanto moleculares. Duas novas 
espécies para a ciência são apresentadas, se valendo de técnicas modernas de morfologia, como 
lentes de interferência de contraste diferencial (DIC) e microscopia eletrônica de varredura 
(MEV) que permitem estudar caracteres morfológicos antes inacessíveis. Além de novos 
registros de espécies já conhecidas, ampliando o conhecimento da distribuição geográfica 
destes organismos. Ademais, os resultados análises de endemicidade e unidades topográficas 
realizadas com espécies meiofaunais da Mata Atlântica a fim de entender a os padrões de 
distribuição destes organismos apresenta padrões discrepantes dos organismos macrofaunais, 
como artrópodes e vertebrados. A análise filogenética de evidência total sustenta a hipótese de 
único ancestral bentônico, além da monofilia das duas principais linhagens semi-planctônicas 
e de seus subgrupos não-monotípicos, dando suporte filogenético à atual classificação 
taxonômica. 
 





Among the least known metazoa, we can easily highlight the phylum Gastrotricha, a group of 
acoelomate aquatic microinvertebrates found in practically all aquatic environments of the 
world, dulcolous or marine. As an exception to the benthic majority of the phylum, some 
animals present several modifications that allow the semiplanktonic lifestyle in the freshwater 
periphyton, between roots of aquatic plants. Although its representatives have been known for 
more than a century, little is known about its evolution, ecology and geographical distribution. 
Except for the hypothesis of the single origin of the semiplanktonic lineage from a benthic 
ancestor, the evolutionary relationships are still controversial, with conflicting phylogenetic 
results regarding the origin of families and their subgroups. In this context, the present work 
uses an integrative taxonomy to — besides accessing biodiversity — elucidate the evolutionary 
history of the taxon under a total evidence approach, with different data sources, both 
morphological and molecular. Two new species for science are presented, using modern 
morphology techniques, such as differential contrast interference lenses (DIC) and scanning 
electron microscopy (SEM) that allow the study of morphological characters previously 
inaccessible. In addition to new records of already known species, expanding the knowledge of 
the geographic distribution of these organisms. Furthermore, the results of endemicity analysis 
and topographic units performed with meiofaunal species of the Atlantic Forest in order to 
understand the distribution patterns of these organisms presents discrepant patterns of 
macrofaunal organisms, such as arthropods and vertebrates. The phylogenetic analysis of total 
evidence supported the hypothesis of a single benthic ancestor, besides the monophyly of the 
two main semiplanktonic lineages and their non-monotypic subgroups, giving phylogenetic 
support to the current taxonomic classification. 
Keywords: Systematics, Meiofauna, Total-Evidence, Periphyton, Parsimony, TNT, NDM, 
TUPA  
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1.1. Princípios norteadores 
A evolução é o princípio unificador de toda biologia (Dobzhansky, 1951) e entender 
como as relações evolutivas entre as diversas formas de vida são representadas é importante 
para a compreensão da biodiversidade no planeta. Árvores filogenéticas são as ferramentas mais 
convencionais para representar essas relações, a qual a habilidade de conceituar a história 
evolutiva é denominada “tree-thinking” (pensamento baseado em árvores, numa tradução 
direta) (Meisel, 2010). Diferente de outros agrupamentos baseados em similaridade, as relações 
filogenéticas são resultadas de descendência de um ancestral comum (Baum et al., 2005). Uma 
consequência importante do processo evolutivo são os agrupamentos hierárquicos entre 
espécies e grupos de espécies (Meisel, 2010). Ou seja, não são grupos organizados por suas 
semelhanças, mas sim a história evolutiva que explica as semelhanças dos membros do grupo 
por ancestralidade comum (Baum et al., 2005, Baum & Offner, 2008; Meisel, 2010). 
A inferência desta história evolutiva perpassa por intensos debates filosóficos, 
envolvendo bases estatísticas e programas computacionais (Baum et al., 2005). Um dos tópicos 
deste debate se debruça sobre o uso de dados separados (congruência taxonômica) ou 
combinados (evidência total) para evidência filogenética (Queiroz et al., 1995). Entre as 
principais vantagens do uso combinado é a maximização do poder descritivo e explanatório da 
hipótese filogenética (Queiroz et al., 1995). Para se realizar análises filogenéticas com esta 
abordagem holística, é também necessária a existência de uma base robusta de dados 
morfológicos dos organismos estudados, assim como informações moleculares e ecológicas 
adquiridas a partir de uma visão de taxonomia integrativa (Dayrat, 2005). 
A taxonomia integrativa tem como princípio delimitar as unidades da biodiversidade 
com base nas diferentes perspectivas, utilizando-se de traços morfológicos de importância 
taxonômica, dados moleculares, além de ecológicas, comportamentais, ontogenéticos, 
filogeográfico e até mesmo paleontológico (Dayrat 2005, Will et al., 2005; Kieneke & Nikoukar, 
2017). O objetivo desse pensamento holístico da taxonomia é gerar hipóteses de espécie com 
maior rigor e detalhes da delimitação confiável e classificação das espécies (além de nomear e 
oferecer ferramentas robustas para sua identificação) (Dayrat, 2005; Kieneke & Nikoukar, 
2017) e então levantar hipóteses da história evolutiva com maior suporte estatístico e 
epistemológico (Will et al., 2005). 
Na literatura se percebe o advento desse pensamento integrativo da taxonomia (Padial 
et al., 2010; Schlick-Steiner et al., 2010), porém apesar do crescente número de trabalhos com 
metodologia e aplicação sustentada neste pensamento (Pante et al., 2015), percebe-se a 
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incipiência na taxonomia de grupos meiofaunais, com poucos trabalhos baseados nesta filosofia 
(Todaro et al., 2015; Kieneke & Nikoukar, 2017; Garraffoni et al., 2019; Bosco et al., 2020). 
Isso se deve principalmente às dificuldades inerentes da pesquisa sobre organismos de tamanho 
diminuto, geralmente encontradas em baixa densidade (Majdi et al., 2020), havendo inclusive 
muitos trabalhos com descrição de espécies com um único indivíduo (George & Plum, 2009). 
 
1.2. Meiofauna e Gastrotricha 
A meiofauna é uma guilda de organismos microscópicos (i.e. conjunto de espécies 
filogeneticamente independentes que usufruem de recursos de um mesmo nicho ecológico), 
formalmente delimitada pela malha de duas peneiras, superior de 500 µm e inferior de 44 a 60 
µm (Giere, 2009). Atualmente, os organismos meiofaunais estão representados em 23 dos 34 
filos metazoários conhecidos (Giere, 2009). Apesar de ser uma definição operacional, inclusive 
com exceções como organismos vermiformes, que mesmo com milímetros de comprimento são 
capazes de atravessar a peneira pelo pequeno diâmetro, o ambiente comum habitado por estes 
microorganismos apresenta desafios ecológicos específicos que permitem considerar a 
meiofauna como uma entidade biológica e ecologicamente independente (Higgins & Thiel, 
1998). Estes desafios são uma grande força de seleção de características que resultam na 
“síndrome meiofaunal”, isso é, uma série de atributos morfológicos como a redução de 
apêndices, alongamento do corpo para uma forma vermiforme, glândulas adesivas e cutícula 
desenvolvida, além de características reprodutivas como a transferência direta de gônadas por 
espermatóforos ou estiletes) (Brenzinger et al., 2013).  
Entre os metazoários menos conhecidos, facilmente podemos destacar o filo 
Gastrotricha (Hochberg & Litvaitis, 2000). Um grupo de pequenos microinvertebrados 
aquáticos acelomados de vida livre encontrados em praticamente todos os ambientes aquáticos, 
dulcícolos e marinhos, do mundo (Balsamo et al., 2014; Kånneby, 2016). Nestes ambientes, 
geralmente gastrótricos estão entre os cinco filos mais abundantes (Todaro et al., 2019), o que 
combinado com seus hábitos alimentares os tornam importantes componentes da rede trófica 
(Balsamo & Todaro, 2002; Balsamo et al., 2020; Madji et al., 2020). A maioria dos gastrótricos 
possuem corpo com em torno de 300 a 400 µm de comprimento, mas há extremos desde 60 µm 
(Ichytidium spp.) até organismos com mais de 3500 µm (Megadasys pacificus Schmidt, 1974) 
(Balsamo et al., 2014; Kånneby, 2016; Kieneke & Schmidt-Rhaesa, 2015). Estes animais 
movem-se ativamente por meio de batimentos de cílios locomotores arranjados em duas colunas 
ventrais paralelas desde a cabeça até a porção final do corpo, de onde se origina seu nome (gr. 
gaster “ventre”, trichos “pelos) (Hochberg & Litvaitis, 2000; Kånneby, 2016). Além dos cílios, 
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o grupo é reconhecível por diversas características sinapomórficas que sustentam a monofilia 
do filo, como a cutícula com duas camadas frequentemente ornamentada, cílios motores e 
sensoriais envolvidos por epicutícula, órgãos adesivos duo-glandulares, faringe mioepitelial 
com lúmen trirradiado, e tubo intestinal parcialmente envolvido por músculos com arranjo 
duplo-helicoidal (Hochberg & Litvaitis, 2000, 2001; Todaro et al., 2003, 2006; Petrov et al., 
2007, Kieneke et al., 2008; Kånneby & Hochberg, 2014; Balsamo et al., 2014). 
O táxon soma mais de 860 espécies descritas ao redor do globo (Kolicka et al., 2020), e 
é dividido em duas grandes ordens: Macrodasyida Remane, 1925 (Rao & Clausen, 1970) e 
Chaetonotida Remane, 1925 (Rao & Clausen, 1970) (Garraffoni et al., 2017). A primeira ordem 
abarca 377 espécies distribuídas em 9 famílias de organismos vermiformes, portadores de 
múltiplos tubos adesivos ao longo do corpo, majoritariamente marinhos, com raríssimas 
exceções dulcícolas (e.g. Kisielewski, 1987; Garraffoni et al., 2010; Todaro et al., 2012; Todaro 
& Hummon, 2008; Todaro, 2018). A segunda, Chaetonotida, é composta por 7 famílias, 
totalizando 480 espécies divididas em 31 gêneros de animais com forma de “pino de boliche” 
(fusiformes), geralmente com apenas um único par de tubos adesivos na região posterior (exceto 
aqueles com dois pares, ou até mesmo desprovidos) (Garraffoni & Araújo, 2020). Os 
quetonótidos são comumente encontrados no bentos e perifíton de água doce, mas ⅓ de seus 
representantes são marinhos intersticiais (Balsamo et al., 2008; Garraffoni & Araújo, 2020).  
Os quetonótidos são reconhecíveis morfologicamente por seu menor tamanho 
comparado aos macrodasíidos, pelo número de tubos adesivos, e a ausência de poros faríngeos. 
Mas também anatomicamente, o arranjo do lúmen da seção transversal da faringe trirradiado 
suporta a distinção dos dois grupos, Chaetonotida com forma de “y”, em contraste ao arranjo 
em “y-invertido” em Macrodasyida (Hummon & Todaro, 2010; Kieneke & Schmidt-Rhaesa, 
2014; Garraffoni et al., 2016). Além da morfologia, Chaetonotida se caracteriza por 
majoritariamente se reproduzir por partenogênese, uma mudança na biologia reprodutiva que 
ocorreu provavelmente na transição do ambiente marinho para água doce (Balsamo et al., 2008, 
Hochberg & Litvaitis, 2000). 
A monofilia da ordem Chaetonotida é bem estabelecida em diversos trabalhos, como no 
caso de Hochberg & Litvaitis (2000) que realizaram a primeira filogenia baseada em caracteres 
morfológicos com representantes de todos os gêneros do filo, reforçado também por novos 
resultados morfológicos (Kieneke et al., 2008; Leasi & Todaro, 2008) e moleculares (Todaro et 
al., 2011; Kånneby et al., 2012, 2013). O mesmo pode ser dito em relação a suas famílias, como 
Xenotrichulidae, Dasydytidae, Neogosseidae e Proichthydidae, que se apresentam como 
monofiléticos (Hochberg & Litvaitis, 2000; Kieneke et al., 2008; Todaro et al., 2011; Kånneby 
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& Todaro, 2015). Com a única exceção da família Chaetonotida, indicado como parafilético em 
diferentes trabalhos (Todaro et al., 2011; Kånneby et al., 2012, 2013; Kolicka et al., 2020).  
Por outro lado, as relações menos inclusivas de cada família ainda estimulam intensos 
debates, evidenciando a necessidade de aprimorar o conhecimento da biodiversidade 
utilizando-se de descrições sob uma perspectiva da taxonomia integrativa (e.g. Kieneke & 
Nikoukar, 2017; Kolicka et al., 2017; Garraffoni et al., 2019; Kolicka et al., 2020; Bosco et al., 
2020), acumulando assim informações morfológicas a partir de diferentes ferramentas e dados 
moleculares e assim gerar hipóteses filogenéticas robustas embasadas na maior quantidade de 
dados possível (Fonseca et al., 2018). 
À exceção da maioria do filo, composto majoritariamente por organismos bentônicos e 
intersticiais, um pequeno grupo apresenta o peculiar hábito de vida semi-planctônico, 
intercalando entre a coluna d’água e o perifíton (complexo ecossistema de organismos que 
vivem entre as raízes, folhas e ramos de macrófitos) (Armonies, 1989; Kisielewski, 1991; 
Balsamo et al., 2014; Kånneby & Todaro, 2015). Atualmente este nicho é ocupado por 44 
representantes classificados em três grupos, (i) subfamília monotípica Undulinae Kisielewski, 
1991 (Chaetonotidae) com Undula paraensis Kisielewski, 1991, (ii) família Dasydytidae Daday, 
1905 (33 espécies) e (iii) família Neogosseidae Remane, 1927 (10 espécies) (Balsamo et al., 
2014; Kånneby & Todaro 2015; Minowa & Garraffoni, 2017). Todos os representantes destes 
grupos apresentam adaptações morfológicas associados ao hábito semi-planctônico, como a 
redução ou perda total dos tubos adesivos posteriores, cílios ventrais divididos em pequenos 
tufos ao longo do tronco do animal e cílios cefálicos utilizados para a natação ativa na coluna 
d’água, e espinhos extremamente longos inseridos ventralmente associados a conjuntos de 
fibras musculares que permitem movimentos saltatoriais quando perturbados, principalmente 
entre os dasiditídeos (Kisielewski, 1991; Kieneke et al., 2008; Kieneke & Ostmann 2012; 
Kånneby & Todaro 2015).  
Apesar destes animais semi-planctônicos serem conhecidos há mais de um século, 
pouco se sabe da sua evolução, ecologia e distribuição (Balsamo et al., 2014). Sem contar o 
caso de U. paraensis, que apesar de todos os esforços de encontrá-la posteriormente a sua 
descrição (Kisielewski, 1991), estas tentativas foram infrutíferas (Kånneby & Todaro, 2015). 
Assim, apesar de haver suporte para a monofilia das famílias Dasydytidae e Neogosseidae 
(Kånneby et al., 2013; Kånneby & Todaro, 2015), a relação entre os gêneros e espécies de cada 
família apresentam resultados contrastantes (Hochberg & Litvaitis, 2000; Kieneke et al., 2008; 
Kieneke & Ostmann, 2012; Kånneby et al., 2013; Kånneby & Todaro, 2015). Além disso, 
quando se refere à família Neogosseidae, percebe-se a utilização de apenas um representante 
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de cada gênero na maioria dos trabalhos, exceto por Kånneby & Todaro (2015), quem 
utilizaram dados moleculares de duas espécies de Neogossea e uma de Kijanebalola. Os 
gêneros da família Dasydytidae, por sua vez, apresentam diferentes topologias em cada trabalho. 
Destacando Stylochaeta, que é suportado como um clado monofilético (Kånneby et al., 2013) 
mas sua relação com os demais grupos já foi sugerida como grupo irmão de todos os demais 
Dasydytidae (Hochberg & Litvaitis 2000) até ramo interno do clado Dasydytes (Kieneke et al., 
2008; Kånneby et al., 2013; Kånneby & Todaro, 2015), indicando a não-monofilia do último. 
O gênero monotípico Ornamentula se apresenta como grupo irmão de Haltidytes, com suporte 
molecular (Kånneby et al., 2013; Kånneby & Todaro, 2015), mas dados morfológicos 







2.1. Objetivo geral 
Aumentar o conhecimento da biodiversidade de Gastrotricha semi-planctônico 
brasileiro com taxonomia integrativa e proposição da classificação dos grupos com base em 
fundamentos filogenéticos 
 
2.2. Objetivos específicos 
- Construir um banco de registros fotomicrográficos de espécimes semi-planctônicos 
brasileiros. 
- Aumentar o número de sequências genéticas de espécies brasileiras no GenBank. 
- Acessar os padrões biogeográficos dos organismos brasileiros. 
- Ampliar o conhecimento da distribuição das espécies com identificação e descrições 
dos espécimes encontrados nas coletas. 
- Delimitar os caracteres e levantar hipóteses de homologia baseado em diferentes 
métodos de análises morfológicos. 
Os objetivos listados são importantes metas para responder às perguntas que tangenciam 
o presente trabalho: (i) quem são, ou seja, a diversidade taxonômica existente no território 
brasileiro, (ii) onde vivem, referente a distribuição geográfica destas linhagens, e (iii) como 
evoluiu, a história filogenética dos gastrótricos semi-planctônico. Assim, passando por essas 
etapas, podemos compreender este grupo de organismos tão peculiares. 
 
3. MATERIAL E MÉTODOS 
3.1. Análises morfológicas 
3.1.1. Coleta, triagem e identificação dos espécimes 
Ao longo deste estudo, diversas coletas periódicas foram realizadas em localidades onde 
a ocorrência destes organismos já era conhecida por projetos anteriores, como nos municípios 
de Paulínia (22°47'41.4"S 47°08'45.9"W), São João da Boa Vista (21°57'27.3"S 46°44'21.6"W), 
Jundiaí (23°13'53.6"S 46°56'11.5"W), Itirapina (22°12'58.9"S 47°52'31.9"W) no Estado de São 
Paulo. Também foram realizadas coletas nos locais tipo de espécies descritas por Kisielewski 
(1991), em Belém (Pará) (1°26'53.6"S 48°26'47.5"W; 1°27'33.8"S 48°26'04.7"W; 1°28'20.6"S 
48°30'12.6"W). As coletas foram realizadas com recipientes de 500 ml em corpos d’água com 
macrófitas ao redor dos municípios, em represas, riachos e lagos dentro e fora de reservas. As 
amostras foram armazenadas no Laboratório de Evolução de Organismos Meiofaunais da 
Universidade Estadual de Campinas, mantidos sob aeração constante e a uma temperatura em 
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torno de 20ºC para maximizar sua sobrevivência em laboratório por duas semanas (Garraffoni 
& Araújo, 2010). As amostras de Pará foram triadas e documentadas no Laboratório de Biologia 
Pesqueira e Manejo dos Recursos Aquáticos. Os organismos isolados foram fixados em álcool 
e transportadas para Unicamp para estudos moleculares. 
A triagem do material foi realizada com pequenas amostras de água peneirada em malha 
de 30 µm a fim de concentrar o material, então depositada em placa de Petri sob 
estereomicroscópio Zeiss Stemi 2000. Os organismos encontrados foram isolados com 
micropipeta e anestesiados com MgCl2 2%. Após a identificação dos organismos, parte foi 
armazenada em microtubos com glutaraldeído diluído em tampão cacodilato a 4°C para 
posterior análise em microscopia eletrônica de varredura. Também foram armazenados 
organismos em paraformaldeído (PFA) com tampão fosfato (PBS) para análise em microscopia 
confocal. Por fim, foram isolados representantes para extração de DNA, fixados em álcool 
absoluto 100% em temperatura de -20°C. 
 
3.1.2. Microscopia de luz (ML-DIC) 
As lâminas a fresco foram montadas com organismos isolados e anestesiados com 
MgCl2 para observação e registro fotomicrográfico em microscópio de luz Zeiss Axio Imager 
M2 equipado com conjunto de lentes de contraste de interferência diferencial (Differential 
interference contrast microscopy DIC) e câmera digital AxioCam MRC5. As imagens e 
medidas morfométricas foram obtidas com o programa Zeiss Blue. As imagens foram 
depositadas no banco de dados morfológicos do laboratório e utilizadas para confeccionar as 
pranchas de descrições de espécies novas e identificações. 
 
3.1.3. Microscopia eletrônica de varredura (MEV) 
Os espécimes foram repetidamente lavados em tampão cacodilato 0,1M para serem 
submetidos à desidratação alcoólica em um gradiente crescente de concentração (20%, 30%, 
50%, 70%, 90%, 95% e 100%) e então secos em câmara de ponto crítico (CPD-Critical Point 
Dryer). Estes organismos foram montados em stubs para metalização em sistema de evaporação 
por sputtering (Sputter Coater SCD-050) e fotografadas sob o microscópio JSM 5800 LV, com 
voltagem de 15kV disponível no Laboratório de Microscopia Eletrônica (LME) da 
Universidade Estadual de Campinas. 
 
3.2. Análises moleculares 
3.2.1. Extração e amplificação de DNA (PCR) 
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Organismos inteiros coletados durante o presente e projetos anteriores foram 
submetidos à extração de DNA genômico com o método do kit QIAmp DNA Micro (Qiagen), 
seguindo as instruções do fabricante. O DNA genômico foi submetido à amplificação por PCR 
utilizando volumes de reação 25 µL contendo 12,5µL de 2x Taq PCR Master Mix (Qiagen), 3 
µL de DNA genômico, 8,7µL de água Miliq, e 0,4 µL (4pmol) de primers específicos. As 
sequências de primers e condições de PCR são descritas na Tabela 1. Os produtos da 




Os fragmentos de DNA amplificados foram sequenciados com o método de Sanger de 
sequenciamento com o equipamento 3500xL Genetic Analyzer (Life Technologies) do Centro 
de Biologia Molecular e Engenharia Genética (CBMEG). As sequências dos genes nuclear 18S 
rDNA, 28S rDNA e mitocondrial COI mtDNA foram processadas utilizando o software 
Geneious® e posteriormente depositadas nos bancos genéticos do GenBank (Tabela 2). 
 
3.3. Filogenia de Evidência Total 
3.3.1. Caracteres moleculares, morfológicos e concatenação 
O alinhamento dos diferentes genes (18S e 28S rDNA e COI mtDNA) foram realizados 
utilizando o portal CIPRES, sob o algoritmo MAFFT v. 7.215 com abordagem L-ISN-I (Katoh 
& Standley, 2013). Os três genes alinhados foram concatenados utilizando o software 
SequenceMatrix versão 1.8 (Vaidya et al., 2011). Os caracteres morfológicos foram 
organizados utilizando o software Mesquite (Maddison & Maddison, 2019). Estes conjuntos de 
dados foram agrupados em um único arquivo utilizando também o software R 4.0.3. 
 
3.3.2. Análise de parcimônia 
A análise filogenética de máxima parcimônia foi realizada com busca heurística 
utilizando o algoritmo NOVA 2.0 (Goloboff, 1998) via software Winclada (Nixon, 2002). 
Foram realizadas 1000 adições aleatórias de táxons, mantendo 10 árvores por repetição em cada 
conjunto de dados separados e combinados. Todos os caracteres igualmente pesados. O suporte 
nodal do cladograma foi acessado utilizando valores de suporte de Bremer (BS) (Bremer, 1988, 
1994) e Índice de Bootstrap. Os valores de bootstraps foram calculados com NOVA 2.0 com 
1000 pseudo-replicatas e 10 adições aleatórias de replicações por pseudo-replicata (Wahlberg 




Tabela 1. Sequências de primer e regimes de PCR utilizados para amplificação e 
sequenciamento de 18S e 28S rDNA. 
 
Primer & PCR 
regimes Primer sequence (5'->3') Reference 
18S primers   
S30 GCTTGTCTCAAAGATTAAGCC 
Norén and Jondelius 
(1999) 
S30R CTTCGGACCTCTGACTTTCG 
Garraffoni et al. 
(2017) 
PCR S30/S30R 
94°C for 5 min, 40x (94°C for 30 s, 52.5°C for 30 s, 72°C for 60 
s), 72°C for 7 min  
   
1801 GATCTATTTTGTTGGTTTTCGG 
Garraffoni et al. 
(2017) 
1806 CCTTGTTACGACTTTTACTTCCTC 
Norén and Jondelius 
(1999) 
PCR 1801/1806 
94°C for 5 min, 40x (94°C for 30 s, 52.5°C for 30 s, 72°C for 60 
s), 72°C for 7 min  
28S primers   
   
28S.1F CCTAAAGTAACGGCGAGTGA 
Garraffoni et al. 
(2019) 
28S.1R CGATTAGTCTTTCGCCCCTA 
Garraffoni et al. 
(2019) 
PCR 28S.1F/28S.1R 
94°C for 5 min, 40x (94°C for 30 s, 55°C for 30 s, 72°C for 60 s), 
72°C for 7 min  
   
28S.2F GGACCCGAAAGATGGTGAAC 
Garraffoni et al. 
(2019) 
28S.2R CAATTTGCCGACTTCCCTTG 
Garraffoni et al. 
(2019) 
PCR 28S.2F/28S.2R 
94°C for 5 min, 40x (94°C for 30 s, 60°C for 30 s, 72°C for 60 s), 
72°C for 7 min  
   
 






  18S 28S CO1   
Family Chaetonotidae         





JQ798677 Kånneby et al. (2013) 






JQ79726 Kånneby et al. (2013) 






KP713405 Kolicka et al. (2016) 
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Cephalionotus kisielewskii Garraffoni 






Garraffoni et al. 
(2017), this study 






JQ798706 Kånneby et al. (2013) 
Chaetonotus (Chaetonotus) 





JQ798734 Kånneby et al. (2013) 






- Kånneby et al. (2013) 
Chaetonotus (Primochaetus) 





JQ798681 Kånneby et al. (2013) 
Chaetonotus (Primochaetus) 
acanthocephalus Valkanov, 1937 
JQ798
569 
- JQ798701 Kånneby et al. (2013) 
Chaetonotus (Schizochaetonotus) 





JQ798725 Kånneby et al. (2013) 






- Kånneby et al. (2013) 






- Kånneby et al. (2013) 






JQ798688 Kånneby et al. (2013) 
Heterolepidoderma acidophilum 





JN185543 Kånneby et al. (2012) 






JQ798705 Kånneby et al. (2013) 






JQ798680 Kånneby et al. (2013) 






JN185575 Kånneby et al. (2013) 






JN185573 Kånneby et al. (2012) 
Family Dasydytidae         






JQ798702 Kånneby et al. (2013) 






JQ798700 Kånneby et al. (2013) 






JQ798703 Kånneby et al. (2013) 







Minowa & Garraffoni 
(submitted) 






- Kånneby et al. (2013) 
Haltidytes pseudosquamosus Minowa 






Minowa & Garraffoni 
(submitted) 






JQ798697 Kånneby et al. (2013) 





JN185550 Kånneby et al. (2012) 
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Kånneby & Todaro 
(2015) 
Family Neogosseidae         







Kånneby & Todaro 
(2015) 







Kånneby & Todaro 
(2015) 






Kånneby & Todaro 
(2015) 





- This study 
Family Xenotrichulidae         






JN185541 Kånneby et al. (2013) 
Family Muselliferidae         
Diuronotus aspetos Todaro, Balsamo 













Os resultados da dissertação estão organizados em três capítulos, que foram escritos em 
formato de artigos e submetidos a revistas especializadas durante o desenvolvimento do projeto. 
Estes capítulos refletem a estratégia adotada na pesquisa, de modo a responder perguntas 
menores para construir uma resposta robusta para a pergunta principal do projeto de conhecer 
entender a história evolutiva dos gastrótricos semi-planctônicos. 
 
4.1. Quem são e onde vivem gastrótricos semi-planctônicos brasileiros? 
A pergunta refere-se à biodiversidade de gastrótricos brasileiros e sua distribuição 
geográfica. Apesar dos diversos trabalhos predecessores em busca desses organismos, o 
conhecimento da distribuição pelo país ainda é bastante incipiente, provando a necessidade de 
mais trabalhos de amostragem. Nesse sentido, foi realizada uma revisão bibliográfica de todos 
os registros desses organismos no Brasil, adicionando a eles registros de coletas realizadas 
durante o projeto em novas localidades nos estados de São Paulos e Pará, e somando também 
animais registrados no Piauí em projetos anteriores. A motivação deste trabalho foi a 
necessidade de se conhecer a diversidade morfológica e molecular apresentada nas diversas 
linhagens deste táxon para assim construir hipóteses robustas de homologia e acessar 
precisamente as relações filogenéticas. 
Capítulo 1 se refere ao artigo a ser submetido e formatado de acordo com as normas da 
revista Zootaxa, Magnolia. 
 
4.2. Mais uma espécie para o Brasil  
Neste capítulo é apresenta uma amostra da biodiversidade dos gastrótricos semi-
planctônicos, com a descrição de uma nova espécie para a família Dasydytidae. A espécie nova, 
pertencente ao gênero Ornamentula, representa a primeira descoberta para o gênero em 30 anos, 
desde a descrição do táxon em 1991, por Kisielewski (1991). O novo Ornamentula é de grande 
importância taxonômica por possuir características compartilhadas exclusivamente com os 
membros de sua família, mas também apresentar organmentações cuticulares únicos dentro do 
Filo Gastrotricha. O estudo desses espécimes vivos permite uma visão mais clara de sua 
morfologia, assim possibilitando a revisão e/ou levantamento de novas hipóteses de homologia, 
imprescindível para a análise filogenética. Além disso, o estudo dos organismos e o próprio 
trabalho taxonômico permeiam questões epistemológicas como o conceito e delimitação de 
espécie, que por sua vez sustentam a tomada de decisão no ato nomenclatural. 
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Capítulo 2 se refere ao artigo submetido e aceito na revista Zoologia, International 
Journal for Zoology. 
 
4.3. Outra espécie nova para o Brasil, padrões de distribuição e evolução  
Neste capítulo, além de debruçar sobre as relações de parentesco entre as espécies semi-
planctônicas, é apresentando mais uma espécie nova para a ciência. Esta espécie é de grande 
importância por revelar diversas características morfológicas antes desconhecidas entre seus 
congêneres, o que permite entender melhor sua relação evolutiva com as demais linhagens de 
gastrótricos. Estes caracteres foram acessados utilizando-se de metodologias ainda pouco 
utilizada no estudo deste filo, o que fornece uma visão integrativa do conjunto de organismos a 
que se dá o título de espécie. A análise filogenética utiliza-se de uma abordagem de evidência 
total, com dados morfológicos e moleculares, para o levantamento das hipóteses filogenéticas. 
Também é apresentado um estudo sobre os padrões de distribuição das espécies 
meiofaunais, como mais uma contribuição para o conhecimento destas e outras linhagens de 
organismos microscópicos. 
Capítulo 3 se refere ao artigo publicado na revista Molecular Phylogenetics and 
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neogosseids (Gastrotricha, Chaetonotida) 
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Abstract 
Brazil is one of the world’s richest biodiversity hotspots, with an estimated number of 
species representing a significant proportion of global biodiversity. This attracts the attention 
of a contingent of biologists and ecologists, which produces an immense amount of data about 
their species and interactions. However, there is a clear bias in the distribution of specialists, 
mainly on vertebrates, arthropods and other macrofaunal invertebrates, leaving aside an 
important portion of neglected fauna. A clear example is the meiofaunal organisms, especially 
Gastrotricha, found in practically all aquatic environments, making up the benthic and 
peryphytic community. Despite the increase in the sampling efforts in the last years, our 
knowledge about Brazilian Gastrotrichofauna is still far from complete. This statement is even 
worse when it concerns to gastrotrichs with semiplanktonic lifestyle, in contrast to most of the 
benthic ones. Here we summarize our current knowledge of distribution and we aim to 
contribute with the biodiversity knowledge of the seimplanktonic gastrotrich using an 
integrative approach of taxonomy, with both morphological and molecular data. For the first 
time Dasydytes lamellatus Kisielewski, 1991 were analyzed using modern techniques to study 
external morphology and internal anatomy, and molecular data  from D. lamellatus and 
Haltidytes pseudosquamosus Minowa & Garraffoni, 2017. We found a new occurrence of 
Neogossea acanthocolla Kisielewski, 1991, with a single specimen that presents morphological 
differences from previous records. The latter originally was assigned with high morphological 
variability, raising a question about the delimitation species limits. Therefore, we shed light on 
N. acanthocolla as a species complex, but do not inted to promote a new nomenclatural act.  
Keywords: biogeography, species complex, meiofauna, periphyton, semiplanktonic 
1. Introduction   
The phylum Gastrotricha is composed by acoelomate meiobenthic organisms, i.e. 
organisms that pass through a 500 μm mesh and are retained in 44 μm mesh (Giere 2009), 
commonly found in marine and freshwater environments around the world (Balsamo et al., 
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2014, 2020). Currently, the taxon consists of more than 860 species, with vast morphological 
et al.diversity, organized in two major orders: mainly marine Macrodasyida with around 380 
species, and Chaetonotidae with around 480 species, found mostly in freshwater (Balsamo et 
al., 2020). The former is represented by a long worm-like shaped body with several adhesive 
tubes, with inverted Y-shaped pharyngeal lumen, frequently associated with pharyngeal pores, 
and multiple adhesive tubes associated with adhesive glands, in anterior, lateral and posterior 
trunk. The latter is characterized by a small tenpin-shaped body with one or two pairs of 
glandular tubes (none in some exceptions), between 90 – 210 μm, with cross-sectioned pharynx 
lumen Y-shaped and without pharyngeal pores (Balsamo et al., 2014, 2020; Kieneke and 
Schmidt-Rhaesa 2015).  
In contrast to majority of the group, that live associated to the sediment, with epi- or 
endobentonic lifestyle, a number of chaetonotids shown an exceptional semiplanktonic lifestyle 
(Balsamo et al., 2014, 2015; Kieneke et al., 2008; Kieneke & Ostmann 2012; Kånneby & 
Todaro 2015). Several morphological novelties are associated with swimming habit in the 
periphytic environment, among the roots, branches and leaves of floating and submerged 
aquatic plants. Such as i) transverse cephalic bands that encircles the head region, ii) set of 
ventral ciliary tufts distributed along the body, iii) long spines inserted ventro-lateral or in the 
posterior end and iv) reduction or total loss of the posterior adhesive tubes (Kisielewski, 1991; 
Balsamo et al., 2014; Kånneby & Todaro 2015; Kieneke & Ostmann 2012; Minowa & 
Garraffoni 2020 ). These gastrotrichs add up around forty species distributed in three families: 
Dasydytidae Daday, 1905 (33 species), Neogosseidae Remane, 1927 (10 species) and 
Chaetonotidae Gosse, 1864 (1 species) (Balsamo et al., 2014, 2020; Kånneby & Todaro 2015; 
Minowa & Garraffoni, 2017, 2020). 
The semiplanktonic species were first discovered by Gosse (1851), but for many years 
only few other studies tried to better understand the biodiversity of these gastrotrichs (e.g. 
Daday 1905, Voigt, 1909, Remane 1926, Beauchamp 1932, Brunson 1950). One of the most 
important studies around the semiplanktonic representatives is a monograph by Kisielewski 
(1991) about the Brazilian Gastrotricha. In this study, Kisielewski (1991) described several new 
species (2 Neogosseidae and 8 Dasydytidae), two new genera and the subfamily Undulinae 
(Chaetonotidae). Furthermore, rised a new proposal of classification (e.g. subgenus 
Prodasydytes) and new insights about the evolutionary relationship within Dasydytidae. After 
this work, only recently new information about neogosseids and dasystids were published 
dealing with taxonomy (Todaro et al., 2013, Minowa & Garraffoni, 2017, 2018, 2020, in press), 
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morphology (Kieneke et al., 2008, Kieneke & Ostmann 2012) and phylogeny (Kieneke & 
Ostmann 2012; Kånneby & Todaro 2015; Minowa & Garraffoni, 2017, 2020). 
Herein we report detailed taxonomic accounts about Dasydytes lamellatus Kisielewski, 
1991 and Haltidytes pseudosquamosus Minowa & Garraffoni, 2017 found in an urban lagoon 
from Southeast Brazil. In addition, new reports of Dasydytes lamellatus and Neogossea 
acanthocolla Kisielewski, 1991 from Northeast Brazil are also described. We used different 
techniques for detailed study on external and internal morphology, such as optical microscopy 
with differential interference contrast microscopy (DIC) and scanning electron microscopy 
(SEM). We applied nuclear ribosomal DNA (rDNA 18S and 28S) and mitocondrial (mtDNA 
CO1) sequencing to increase the number of semiplanktonic gastrotrichs sequences in GenBank. 
2. Material and methods 
2.1. Sampling locations 
Samples were taken in May 2013 from the margins of Marimba river, Teresina city, 
Northeast Brazilian Cerrado (5°17’S 42°42'W). During the rainy season between October 2017 
to February 2019, samples were taken from an urban lagoon surrounded by fragments of 
Atlantic Forest and planted areas, on Paulínia and Itirapina cities, from Southeast Brazil 
(22°47'S 47°08'W; 22°11'S 47°53'W). A general account on the visited location and the 
sampling techniques were reported in Minowa & Garraffoni (2017). Geographical coordinates 
of distribution information (Table. 1) was acquired using Google Earth ®. Distribution map 
was assembled using Quantum Geographic System (QGIS 3.12 București), with Instituto 
Brasileiro de Geografia e Estatística (IBGE) maps. 
2.2. Morphological analyses 
Small water samples were sorted for gastrotrichs after sieved through a 30 μm mesh and 
poured into Petri dishes under Zeiss Stemi 2000 stereomicroscope. The gastrotrichs were 
isolated and mounted individually, anesthetized with 2% MgCl2, and digitally documented 
under the Zeiss Axio Imager M2 light microscope equipped with differential interference 
contrast microscopy (DIC) and AxioCam MRC5 digital video camera. The images were 
recorded and measurements were taken using the ZEN lite 2.5 2018 image software. 
For scanning electron microscopy, 13 specimens of southeast Dasdytytes lamellatus were 
fixed in 2% glutaraldehyde in sodium-cacodylate buffers. These specimens were rinsed in 0.1M 
PBS, dehydrated through a graded ethanol series using small containers to transfer the 
specimens from one alcohol solution to another in the concentration gradient (see Abolafia 
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2015). Critical point dried using a Baltec CPD 030 critical point dryer (Hochberg and Litvaitis 
2000). Specimens were mounted on aluminum stubs, sputter-coated with gold-palladium using 
Sputter Coater SCD-050. Observations were carried out under a JEOL JSM 5800LV SEM 
available at the University of Campinas (UNICAMP).  
The positions of the morphological characteristics along the longitudinal axis are given in 
percentage units (U) of the total body length measured from the anterior to the posterior end 
(Hummon et al., 1992). Spines and scales description and nomenclature based on Kisielewski 
(1991) 
2.3. Molecular analyses 
DNA was extracted from three specimens of Southeast (Paulinia, São Paulo) Dasydytes 
lamellatus, Haltidytes pseudosquamosus, and Neogossea cthulhu, using a QIAmp DNA Micro 
Kit (Qiagen), following the manufacturer’s instructions. PCR amplification was performed in 
20 µL reaction mixture, containing 3 µL of genomic DNA, 13.5 µL ou water, 2 µL of 10x 
buffer, 0.5 µL of dNTP, and 0.2 µL of Taq Platinum (Qiagen) and 0.4 µL (4 pmol) of specific 
primers (Table S1). The amplification products were analyzed by electrophoresis in 1% agarose 
gels containing SYBR ® (Life Technologies). The DNA fragments were sequenced using 
BigDye Terminator reactions in a 3500xL genetic Analyzer (Life Technologies) at the CBMEG 
(laboratory (Campinas, Brazil). The 18S rDNA and 28S rDNA partial and CO1 mtDNA partial 
sequences were deposited in GenBank. 
Taxonomic Account 
Phylum Gastrotricha Metschnikoff, 1865 
Order Chaetonotida Remane, 1925 [Rao & Clausen, 1970] 
Suborder Paucitubulatina d’Hondt, 1971 
Family Dasydytidae Remane, 1927 
Genus Dasydytes Gosse, 1851 
Diagnosis. Dasydytidae with 98 – 291 μm in length. Cephalic lateral and dorsal spines 
present, with several pairs of lateral spines groups and two paired rear spines (r). Long lateral 
spines with one or two lateral denticles and distal bifurcation, or three denticles without 
bifurcation. Body cuticle consists of well-developed scales. Scales keeled on the terminal 
portion at the posterior ventral surface . 
9 species: D. (D.) goniathrix, Gosse, 1851, D. (D.) asymmetricus Schwank, 1990, D. 
(D.) monile Horlick, 1975, D. (D.) nhumirimensis Kisielewski, 1991, D. (D.) ornatus Voigt, 
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1909, D. (P.) papaveroi Kisielewski, 1991, D. (P.) carvalhoe Kisielewski, 1991, D. (P.) 
elongatus Kisielewski, 1991, D. (P.) lamellatus Kisielewski, 1991 
 
Dasydytes (P.) lamellatus Kisielewski, 1991 
(Figs. 1-4; Table 1) 
Measurements based on Atlantic mature specimens: Dasydytes (Prodasydytes) with an 
elongated-oval body, 240 μm in length (spine excluded), 350 μm (spines included). Distinct 
concave head with well-developed lateral lobes (70 μm wide). Distinct neck (46 μm wide) 
considerably narrower than the head and trunk (fig. 1, 2, 3, 4). An oval trunk with a 120 μm 
maximum width, and a protuberant caudal end (fig. 1A, B, 3A). Cephalion small compact (fig. 
2D), with small lateral pleura and small hypostomion, joined around the ventral portion of the 
mouth ring (fig. 3D). Subterminal mouth ring (17 μm in diameter) connected to the pharynx 
with 80 μm length (fig. 2D) and with a pair of conspicuous secretory glands (fig. 2D).  
Cephalic ciliature consists of lateral tuft adjacent to the mouth, mediolateral tuft, and 
posterior pair of a conspicuous transverse band on the head's side and its dorsum (at U6, U10, 
U17, respectively) (fig. 2E). A pair of sensory bristles inserted posteriorly adjacent to the mouth 
(fig. 1A, 2A, D). Locomotor ciliation on trunk consists of four-paired tufts at the anterior trunk 
(U51), middle lateral trunk (U68), posterior trunk (U87) and adjacent to caudal protuberance 
(U92) (fig. 2B, C, 3A). Posterior pair of sensory bristles inserted on the dorsal anterior part of 
caudal protuberance (30 μm long) (fig. 1B). 
Evident dorsal cephalic spine (ca) (U16) and two-paired ventral cephalic spines (cb1 – 
2) (U25) (100 μm, 200 μm, 198 μm respectively) (fig. 2C, D, 4B, F). Trunk anterior half with 
three-paired curved double-barbed spines (ta1-3) (U43) inserted directly to the cuticle without 
scales (fig. 1D, 2D, E). All spines show a lamella on lateral side, evidenced on the base of each 
denticle, mainly with the first and larger denticle (fig. 1C, D). First group (ta) inserted ventro-
laterally on the base of the neck at U43 (fig. 1D, 2D). The other group (tb) with single spine 
(184 μm) at U69 (fig. 2D, 4B). Posterior spine (r) is inserted adjacent to caudal protuberance 
(135 μm) at U93 (fig. 2D, 4D). Caudal protuberance with 20 very short spines marking a medial 
circle at U90, between posteriormost ventral ciliary tuft (fig. 1B, 2B, 31, B, C, 4A). Additionally 
two pairs of keeled arrowhead-shaped scales on the caudal end of the protuberance at U93 (fig. 
3C). Anterior scale inserted between short spines circle and each posterior tuft, posterior scale 
between rear long spine insertion U93 (fig. 3C). 
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Some specimens were found carrying a single egg, covering at least ⅓ of animal total 
body size, with oval-shape (120 μm and 10 μm wide) completely smooth, without any 
ornamentations (fig. 1E, F, 4F). 
Remarks: The specimens found at Atlantic forest (São Paulo state) and Northeast 
Cerrado (Piauí state) share many morphological similarities with those described in detail by 
Kisielewski (1991) from Amazon forest (Pará state). We highlight the fact that the Atlantic 
specimens are considerably larger than those of Piauí and Pará, which share much closer 
dimensions. All specimens have a long dorso-lateral cephalic spine (ca) and two paired ventro-
lateral spines at neck level (cb), each spine provided with two lateral denticles which the first 
one has a membrane-like structure. The number of trunk spines are identical, with paired lateral 
groups of spines on the trunk (ta – tb) and the posterior rear spines (r). The trunk ciliature of 
Atlantic specimens exhibit four-paired ciliary tufts, in contrast to specimens of the original 
description and Piauí, which have five-paired. All representatives show the anteriormost tufts, 
at base of the neck, the characteristic lateral ciliature tuft at the middle trunk (U66) and the 
rearmost of them being the largest, located posterior to r spine, at inter-spines space.  
The Northeast Cerrado specimen has practically all the same morphological 
characteristics as Atlantic representatives, except for trunk ciliary tufts number. It differs in size, 
being smaller (160 μm vs 100 μm in body length; 74 μm vs 43 μm wide). With an elongated-
oval body with 100 μm long (spine excluded) and 131 μm (spined included), distinct head with 
30 μm wide, narrower neck with 23 μm wide, oval body with 41 μm wide, terminal mouth 
diameter 6.2 μm, pharynx 22.7 μm long. Egg dimension: 41 μm length, 16 μm wide. Cephalion 
and hypostomion unseen. 
Genus Haltidytes Remane, 1936 
Dasydytidae with 83–200 μm. Compact and rounded trunk. With three pairs of spines 
groups at ventral anterior trunk and pair of posterior single trunk spine (td) that cross each other 
posteriorly to trunk end. Anterior group (ta) with ventral insertion and turn to dorsal side of the 
trunk through lateral trunk. The second and third groups (tb and tc) have partial spines that turn 
to the dorsal side, while the other remains at ventral side. No cephalic, dorsal, rear or terminal 
ventral spines, neither dorsal scales, except for Haltidytes squamosus and Haltidytes 
pseudosquamosus. The dorsal portion of the transverse band of cephalic cilia occasionally runs 
between edges of lateral plates. 
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6 species: H. festinans (Voigt, 1909) (type species), H. crassus (Greuter, 1917), H. 
ooëides (Brunson, 1950), H. saltitans (Stokes, 1888), and H. squamosus Kisielewski, 1991, H. 
pseudosquamosus Minowa & Garraffoni, 2017. 
Haltidytes pseudosquamosus Minowa & Garraffoni, 2017 
(figs. 5-6) 
Haltidytes with 93–109 μm length, 117–199 μm inclusive spines (fig. 5, 6). Four groups 
of long and strongly curved trunk spines (ta–td) (fig. 5B), with blade-like structure and ventral 
insertion ending in a pointed apex (fig. 5B, E, 6A, C, E), but only the last group (td) are barbed 
(fig. 5E). Four pairs of dorsal spines (ta1–3, tb1), 5 pairs of ventrolateral spines (tb1, tb2, tc2 
and td) (fig. 5B). Group td spines intersect with each other posterior to spines tb2 and tc2 (fig. 
5B). Smooth scales of different sizes that do not overlap cover the posterior portion of the 
dorsum. Posterior saltatorial (td) spines are finely barbed and have undulated anterior edges 
along its base (fig. 5E).  
Remarks: Specimens found in the new locality share practically all morphological traits 
reported in the original description, possibly because they represent the same population, both 
occurring in the same areas of endemism (Minowa & Garraffoni, 2020). 
A characteristic not observed in the description of Minowa & Garraffoni (2017) is the 
presence of paired sets of filaments in the trunk, parallel to the midgut, most likely 
protonephridia (fig. 5C, D). H. pseudoquamosus has a pair of elongated and laterally 
compressed protonefridia lateral to the intestine, rather dorsally disposed. Each 
protonephridium extends for a large portion of the body (U53 to U77), with meanderings loops 
of distal canal cells (fig. 5C, D), covering 12 µm maximum wide (fortunately the animal body 
was not compressed by coverslip, as frequently occurs in soft-bodied invertebrates). Despite 
previous knowledge of nephridia composition (Kieneke & Hochberg, 2012), with a bicellular 
terminal organ, called composite filter, aciliar canal cell and a nephridiopore cell (Kieneke & 
Schmidt-Rhaesa, 2015), it is difficult to distinguish each different component of the 




Phylum Gastrotricha Metschnikoff, 1865 
Order Chaetonotida Remane, 1925 [Rao & Clausen, 1970] 
Suborder Paucitubulatina d’Hondt, 1971 
Family Neogosseidae Remane, 1927 
Genus Neogossea Remane, 1927 
Neogosseidae with a body 90–200 μm in length. Body end truncated, with a pair of 
posterolateral projections, each provided with a tuft of long simple (or barbed) spines, 
occasionally with short claw-like structure. Cephalion present and hypostomion absent. Body 
covered with fine spined scales, scale edges being often fused with basal cuticle, occasionally 
with pedunculated scales. Spines short and simple, occasionally partly long and barbed. Mouth 
units two-segmented, with distal segments joined one with another and furnished with bristles. 
Anterior pharynx half consists of a terminal bulb and two smaller dilations, the posterior half 
in the form of a large bulb. Cuticular pharyngeal reinforcements lacking.  
Seven species: N. antennigera (Gosse, 1851), N. fasciculata (Daday, 1905), N. pauciseta 
(Daday, 1905), N. voigti (Daday, 1905), N. sexiseta Krivanek & Krivanek, 1959, N. 
acanthocolla Kisielewski, 1991 and N. cthulhu Minowa & Garraffoni, 2020. 
Neogossea acanthocolla Kisielewski, 1991 
(Fig. 7. Table 2) 
Neogossea with elongated body, with 102 μm long (caudal spines excluded), 131 μm 
(spines included) (fig. 7). Cone-shaped head, slightly narrower than the trunk, with a pair of 
cephalic tentacles projected anterolaterally, 14.4 μm long, 2 μm thick basally, and 2.6 μm 
distally (fig. 7A). Terminal mouth ring, 5.2 μm long and 8.2 μm wide (fig. 7A). Pharynx is 27.7 
μm long, with two bulbs separated by two weak constrictions, the posterior one much stronger 
than the other (fig. 7B). Neck weakly constricted. Posterior end truncated and provided laterally 
with a pair of small projections (fig. 7A), without claw-like basis. 
Cephalic ciliation consists in an anterior tuft inserted adjacent to the mouth ring (fig. 
7A, B), followed by two pairs of interrupted transverse lateral bands that extend from ventral 
side to dorsum, with a median interruption, each cilia is 10 μm long. Each band is provided 
with four series of cilia (fig. 7B). Trunk ciliation distributed in two paired tufts, anterior one 
inserted at middle trunk (U60) and posterior one at caudal end (U95), adjacent to caudal 
protuberance (fig. 7A). 
Cuticular armature with spined scales covering the dorsal and ventral trunk completely 
(fig. 7F). It's visible a variation in the length and curvature of the spines along the body, with 
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short strongly bended spines on the head portion, and being longer at the middle trunk, with 
much smooth curvature and thicker baselly, followed by shorter thick spines at posterior end. 
The characteristic “brush” of dorsal spine, 14.6 μm long, densely packed on a small area on the 
dorsal neck, with 15 simple spines, thicker basally (fig. 7B, E). A medial group of short spines 
between the caudal protuberances, at posterior end (fig. 7A). 
Remarks: The morphometry and morphological traits are in accordance to the original 
description, except for the cuticular armature. Neogossea acanthocolla have been reported in 
four completely separated localities: Belém (Pará, Northern Amazon), Corumbá (Mato Grosso 
do Sul, West-Central Pantanal wetlands), Teresina (Piauí, Northeastern Cerrado), and 
KwaZulu-Natal (South Africa, iSimangaliso wetland). Kisielewski (1991) reported rhomboid 
pedunculated scales that extend from dorsal head to posterior trunk on specimens from 
Corumbá. In contrast to armature consisting in partially pedunculated and spined scales from 
Belém, with dorsal head covered by pedunculated rhomboid scales, followed posteriorly by 
simple spined scales with concave posterior end. Todaro et at. (2013) reported two individuals 
from South Africa, with dorsal trunk covered by simple spined scales. Despite the fact that we 
found a single specimen from Teresina, we can notice its similarity with the representatives 
from South Africa, with simple spined scales. It’s possible to recognise two morphological 
patterns in Neogossea acanthocolla, one with presence of rhomboid pedunculated scale 
(Corumbá and Belém specimens) and another only with rounded simple spined scales with 
concave posterior edges (Teresina and South Africa). The unusual brush of densely packed 
spines seem to have less variability between these four localities, with around 15 to 23 straight, 
thick, and long spines (Belém form with most distinct spine number 23), with 12 to 15 μm in 
length. Pointing up the bifid-tip of Teresina specimen, distinct to evident lateral denticle in each 
long spine on Corumbá and South Africa specimens. There is a need to perform further studies 
to collect more specimens and ascertain the morphological variability of the species complex. 
 
3. Discussion 
Gastrotricha is a group known for having species with wide geographical distribution 
(Curini-Galletti et al., 2012). However, little is known about the Brazilian gastrotrich 
(Garraffoni & Araújo 2013; Balsamo et al., 2014; Campos & Garraffoni 2019) and even less 
about the semiplanktonic lineages (Garraffoni 2017; Minowa & Garraffoni, 2017, 2020). An 
issue is that the geographic distribution of the zoologist/systemats in Brazil is known to be 
unequal (Marques & Lamas 2006), with most researchers concentrated in the states of the 
Southeast and South of the country. This panorama is reflected in the academic production of 
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the meiofaunal biodiversity. (Todaro et al., 2012; Garraffoni & Araújo 2013; Minowa & 
Garraffoni, 2017; Campos & Garraffoni 2019). The Brazilian semiplanktonic gastrotrich 
registers are restricted to 4 of the 27 federative units, and even these are in collection points 
close to research institutes, such as Embrapa Pantanal, Federal University of Pará (UFPA), State 
University of São Paulo (USP), and Campinas (Unicamp) (fig. 7), of these last two beings also 
the most important in biodiversity production in Brazil (Marques & Lamas 2006). On the other 
hand, although the Brazilian registers of semiplanktonic organisms are restricted to one or two 
localities in 3 federal units (and 4 localities in the 4th unit) these discoveries represent 27% (12 
of the 45 formally described species) of the biodiversity of this group in the world, without 
counting the 3 new records of species described in the northern hemisphere. Contrasting with 
the "meiofauna paradox" that stated the inconsistency between the wide distribution of species 
and the low dispersal capacity, with sedentary life habit or absence of pelagic life stage (Cerca 
et al., 2018), Brazilian semiplanktonic lineages exhibit a highly endemic distribution (d’Hondt 
et al., 2006) despite its swimming lifestyle. 
Besides, there seems to be a strong dependence of these animals on the periphytic 
environment, among the roots of floating aquatic plants (Kånneby, 2016). This ecological 
aspect is important, because, in the methodology of studies carried out in Brazil, it is common 
that material is collected mainly from sediment, with the ecological bias of records of epibenthic 
or/and interstitial animals. Adding 18 works with marine or freshwater samplings focused on 
the upper layer of sandy sediment (Kisielewski 1987, 1991; Todaro & Rocha, 2004, 2005; 
Todaro 2012, 2013; Hochberg, 2014; Araújo et al., 2013, 2014, 2016; Garraffoni & Melchior 
2016; Garraffoni et al., 2016, 2017a, 2017b, 2019b; Bosco et al., 2020; Campos et al., 2020;), 
versus 4 works that collect water sample with floating vegetation (Kisielewski, 1991; 
Garraffoni & Melchior 2016; Minowa & Garraffoni, 2017, 2020). 
Also, the occurrence of planktonic gastrotricha seems to depend heavily on seasonal 
changes. Similar phenomena was reported by Kisielewska (1982), with special abundance loss 
of semiplanktonic lineages, as Neogossea, Stylochaeta, and Dasydytes during autumn and 
winter. The collection site from São Paulo state, due to its easy access, was intensely sampled 
in the period 2016–2019, but the abundance of semiplanktonic gastrotricha was strongly 
influenced by the rainfall regime, with great fluctuation of abundance between the rainy (spring 
and summer) and dry seasons (autumn and winter). Thus, the registration of these animals 
depends on long-term studies, (or on luck at collection), which is not the rule for studies in 
Brazil, which is largely based on occasional collections, and even long-term expeditions such 
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as Kisielewski (1991) were carried out a few months' collections in different locations in the 
country over a year. 
In addition, the taxonomic study still seems to be unstable due to intraspecific variations 
and scarce information in the diagnosis of old descriptions (Balsamo 2014; Hortal 2015). As is 
the case of the cosmopolitan distribution of Haltidytes crassus Greuter, 1917 (Minowa & 
Garraffoni, 2017), described over a century ago. The species that compose the Haltidytes 
lineage have prominent posterior spines (td) that cross each other after the posterior end. So 
they are easily identified by this characteristic. Specimens reported by Grosso (1973) in 
Argentina have these posterior spines, however, there are only brief mentions about differences 
in some morphometric measurements and none about its cuticle, ciliation or other spines, 
relying only on illustration, which can lead to future misinterpretations (Minowa & Garraffoni, 
2018). It raises the possibility that our taxonomic knowledge is inadequate, known as "Linnean 
shortfall" and that specimens reported as Haltidytes crassus around the world are not 
representatives of the same evolutionary lineage. The same might be happening with Neogossea 
acanthocolla, Kisielewski, 1991, described first in Corumbá, reported in Belém, with 
morphological variability of cuticular ornamentation and dorsal “brush” spines numbers 
(Kisielewski, 1991). Besides, Todaro et al., (2013) reported in South Africa, with differences 
in the scales covering types between localities. Lastly, there is our report in Teresina, in the 
same way as the td-spines of Haltidytes, we call attention to the possibility that the dorsal “brush” 
spines of N. acanthocolla may be the prominent characteristic. In which, the existence of this 
trait in the animal, make other characteristics receive less importance in the delimitation of 
species, and allow a wider morphological variability for the same taxonomic entity, despite the 
possibility to be distinct evolutionary lineages.  
In conjunction with the species delimitation issue, it is important to take into account 
the very concept of species in taxonomic work, i.e. the product an inferential product that 
associates the observed effects with the theory (Fitzhugh 2009). For example, the biological 
definition of species is based on genetic discontinuity, characterized by a group of interfertile 
organisms reproductively isolated from other groups, occupying a specific niche in nature 
(Mayr 1982), or the evolutionary definition of species, identified as a single lineage ancestral-
descendant populations that maintain their identity from other lineages, with a unique 
evolutionary history (Wiley 1978). On the other hand, considering the species as the inference 
of the most probable limits of the biological species (Dobzhansky 1951) brings to the debate 
the idea of species-as-hypothesis, and thus scientific thought itself in taxonomy and 
nomenclatural act (de Queiroz 2007). Todaro et al., (2013) highlight the importance of 
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conducting future molecular and morphological studies to test the species hypothesis on a 
statistical basis (e.g. Kieneke et al., 2013; Kånneby et al., 2012). Unfortunately, the molecular 
markers of these organisms are only available for African specimens and it is necessary to carry 
out new collections in Brazil to acquire new DNA sequences and more detailed morphological 
studies, with different approaches in an integrative taxonomy. 
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Table 1. Morphometric features of Dasydytes lamellatus. All measures in μm. x = average; n = 
number of specimens. 
Dasydytes lamellatus This study 
Original 
description 
Feature  ind1 ind2 ind3 ind4 ind5 ind6 ind7 ind8 ind9 ind10 ind11 ind12 ind13 ind14 Range x n Range x n 
Body length, spines 
excluded  133 182 139 155 196 152 164 143 151 - 150 185 164 99 99 - 195 160 13 98-125 112 4 
Total body length  199 246 203 221 267 224 270 214 216 - 215 248 228 130 130 - 270 229 13 137-159 148 3 
Maximum head width  45 50 52 44 74 44 50 37 - - 38 - 44 30 30- 74 48 11 31; 33 - 2 
1st neck constriction 
width  27 39 41 33 62 34 37 27 - - 29 - 30 23 23 - 62 37 11 22; 24 - 2 
2st neck constriction 
width  31 41 45 45 74 43 47 40 - - 39 - 47 24 24- 74 45 11 21; 27 - 2 
Maximum trunk 
width  50 70 59 73 107 62 89 69 - - 82 - 74 43 43 - 107 73 11 40; 43 - 2 
Pharynx length  48 63 48 46 65 54 47 48 59 65 53 67 47 24 24 - 67 55 14 37-39 38 3 
Diameter of mouth 
ring  13 15 17 10 14 12 10 10 - - 9 - 11 7 42917 12 11 6,5-7,5 7 3 
Cephalion length  6 7 9 - 8 8 11 8 - - 5 - 10 - 44140 8 9 - - - 
Cephalion width  13 22 21 21 28 25 24 20 - - 19 - 21 - 13 - 28 22 10 18 - 1 
Spine length ca 73 85 58 67 75 77 62 88 75 94 85 96 86 53 53 - 96 79 14 51-53 52 4 
 cb1 107 165 115 105 130 124 110 128 135 - 79 144 109 62 62 - 165 125 13 71-73 73 4 
 cb2 104 155 - 138 144 132 129 104 130 - - 144 130 54 54 - 155 129 11 70-76 73 4 
 ta1 108 158 158 133 150 127 128 117 121 - 125 142 159 62 62 - 160 136 13 67-71 69 5 
 ta2 118 159 158 145 136 137 132 119 131 - 129 140 136 63 63 - 159 137 13 70-76 72 5 
 ta3 - 177 165 129 150 141 148 127 141 - 144 142 144 70 70 - 177 146 12 80-86 82 6 
 tb 100 142 140 123 117 113 120 117 104 - 104 96 119 49 49 - 142 116 13 62-69 66 5 





Table 2. Morphometric features of Neogossea acanthocolla. All measures in μm. x = 
average; n = number of specimens. 






Range n Range x n 
Single 
specimen 
Body length, spines 
excluded 
101.9 - 0 104-139 117 3 122 
Total body length 131.1 - 0 142-178 156 3 167 
Tentacle length 14.4 18-19 2 20-21.5 21 5 24.5 
Tentacle basal width 2.0 - 0 2.5 2.5 1 1.8 
Tentacle distal width 2.6 - 0 3.5 3.5 1 3.6 
Pharynx length 27.6 40.5 1 34-41.5 36 3 34.5 
Neck wide 20.5 - 0 - - 0 20 
Mouth ring diameter 8.2 8.5 1 7.5-8.5 7.8 3 8 
Neck raised spines length 14.6 11.5-12 1 13-47 13.8 3 10-13 




FIGURE 1. Dasydytes lamellatus photomicrographs. A: Dorsal view, B: Ventral view, 
spined scales at posterior protuberance, C: Ventral motile spines with two lamella-like denticles, 
D: ventral spines groups inserted at the head and trunk, E: Lateral view, F: egg. at: anterior tuft; 
ca-b: cephalic long spines; db: dorsal cilia band; de: denticle; lt: lateral tuft; ss: short spines; ta-




FIGURE 2. Dasydytes lamellatus photomicrographs. A: Dorsal view, B: Ventral view, 
ciliature tufts, C: lateral ciliature tuft, D, E: Cephalic ciliature. at: anterior cilia tuft; ca-b: 
cephalic long spine; ce: cephalion; db: dorsal cilia band; lt: lateral cilia tuft; ta-b: trunk spines; 




FIGURE 3. Dasydytes lamellatus SEM photographs. A: Ventral view, ciliature tufts 
(arrows), B, C: Ventral view, ventral short spine group. D: Dorsal view, mouth tentacles, E: 
Spine lamella-like denticle. db: dorsal cilia band; de: denticle mo: mouth; ss: short spines; vps: 




FIGURE 4. Haltidytes pseudosquamosus photomicrographs. A: Dorsal view, B: Dorsal 
view, ciliature tufts, C: Dorsal view, spines path, D, E: Cephalic ciliature. de: denticles; nf: 




FIGURE 5. Haltidytes pseudosquamosus photomicrographs. A: Dorsal view, B: 
Ventral view, spines insertion, C: Dorsal view, spines insertion, D, dorsal view, spine paths, E: 
posterior spine denticle. at: anterior cilia tuft; db: dorsal cilia band; nb: neck sensory bristle; nf: 




FIGURE 6. Dasydytes lamellatus photomicrographs. A-B, D: Ventral View, C, E: 
Dorsal view. ca-b: cephalic long spines; db: dorsal cilia band; ta-b: trunk spines; r: rear spine; 





FIGURE 7. Neogossea acanthocolla photomicrographs. A-B: dorsal view, C-E: Lateral 
view, F-G: Dorsal view. ac: anterior constriction; at: anterior cilia tuft; br: neck brush spines; 




FIGURE 8. Distribution of semiplanktonic gastrotrich of Brazil. Black points indicate 
the collection sites. Colored circles indicate the Dasydytidae species and colored triangles 




Capítulo 2. Seek and you shall find: new species of the rare genus Ornamentula 
(Gastrotricha, Chaetonotida) and first record outside of type-locality 
Axell K. Minowa, André R. S. Garraffoni 
Laboratório de Evolução de Organismos Meiofaunais, Departamento de Biologia 




Ornamentula Kisielewski, 1991 is a monospecific genus in Order Chaetonotida. The 
sole species, O. paraensis Kisielewsk, 1991, is a semiplanktonic gastrotrich found in a single 
pond in the Amazon region of Brazil. Herein we describe a new species of the genus 
Ornamentula, collected in a small urban lagoon in the Atlantic Forest of southeast Brazil. 
Ornamentula miyazakii sp. nov. resembles O. paraensis, but it shows differences in the 
ornamented trunk scales and spinal spines distribution, sufficient to proposte it as it’s a new 
species. 
Keywords: Atlantic rainforest, semiplanktonic gastrotrich, taxonomy, urban lagoon 
 
Introduction 
Gastrotricha are free-living microinvertebrates found in benthic and epiphytic as well 
as periphytic biotopes in marine and freshwater habitats around the world (Balsamo et al., 2008 
2014; Kieneke and Schmidt-Rhaesa 2015; Todaro et al., 2019). The phylum is divided in two 
orders (Macrodasyida Remane, 1925 and Chaetonotida Remane, 1925), 18 families, 69 genera 
and more than 860 species (Balsamo et al., 2014, 2015; Garraffoni et al., 2017; Todaro et al., 
2019; Todaro 2020). 
Although genera such as Chaetonotus Ehrenberg, 1830, Turbanella Schultze, 1853, 
Aspidiophorus Voigt, 1903, Tetranchyroderma Remane, 1926, and Macrodasys Remane, 1924 
are considered highly specious, other genera, e.g. Dendrodasys Wilke, 1954, Crasiella Clausen, 
1968, Diuronotus Todaro et al., 2005, Bifidochaetus Kolicka and Kisielewski, 2016, have very 
few species and some even consist of a single species, e.g. Ornamentula Kisielewski, 1991, 
Hummondasys Todaro et al., 2014, Thaidasys Todaro et al., 2015, and Cephalionotus 
Garraffoni et al., 2017,. 
Ornamentula is a monotypic genus belonging to the family Dasydytidae (Chaetonotida). 
It was originally described by Kisielewski (1991) to accommodate the new species O. 
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paraensis1, collected in a small pond from the Brazilian Amazon rainforest. Although most 
gastrotrich species are meiobenthic, O. paraensis has a semiplanktonic lifestyle, like few other 
gastrotrichs (Balsamo et al., 2014; Kieneke and Schmidt–Rhaesa 2015; Todaro et al., 2019). 
These species show various morphological adaptations such as the complete loss of posterior 
adhesive tubes, a system of ciliary bands in the head region and short diagonal ciliary bands or 
tufts on the ventral trunk, and lateral motile spines to perform saltatory movements in the water 
column (Kisielewski, 1991; Kieneke et al., 2008; Kieneke and Riemann, 2008). 
Species of Ornamentula are characterized by a type of well-developed cuticular 
armature, unique among all Gastrotricha, that consists of a complex reticular ornamentation on 
the scales associated with thick and long spines (Kisielewski, 1991). Kisielewski (1991) 
highlighted a possible proximity of Ornamentula’s lineage with those of Setopus and Haltidytes 
based on the presence of scales and bifurcated spines. This hypothesis was also accepted by 
Kånneby et al., (2013) and Kånneby and Todaro (2015) based on a molecular analysis based on 
3 genes, but it was not confirmed by studies based on morphological data (Kieneke et al., 2008; 
Kieneke and Ostmann, 2012). 
So far, our knowledge on the biology, life cycle and distribution of many semiplanktonic 
gastrotrichs is very limited, probably due to a lack of specialists, but especially to the rareness 
of Dasydytidae specimens and their difficult preparation and handling (Kieneke and Riemann 
2008). In order to contribute to the poor knowledge on semiplanktonic gastrotrichs in the 
Neotropical region (Kisielewski, 1991; Kånneby et al., 2013; Kånneby and Todaro 2015; 
Minowa and Garraffoni 2017, 2020), herein we describe the second species of the genus 
Ornamentula found in an urban lagoon surrounded by Atlantic rainforest, in Southeast Brazil. 
 
Material and Methods 
Study area 
The material for the research was collected in a small urban lagoon, São Paulo, Brazil, 
with an area of 0.05 km² (22°47'S 47°08'W), surrounded by fragments of Atlantic rainforest. 
The collection was carried out during an ongoing freshwater Gastrotricha sampling project, in 
which periodic biweekly collections have been carried out since 2017. The organisms were 
found in the samples from October 2017, from the upper 30 centimeters of the water surface, 
                                                 
1 Originally, Kisielewski (1991) spelled the species name as Ornamentula paraënsis, with a diacritic. However, The ICZN Code 
Art. 32.5.2. states that: “A name published with a diacritic or other mark, ligature, apostrophe, or hyphen, or a species-group name published 
as separate words of which any is an abbreviation, is to be corrected” 
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among floating vegetation roots, using 5 litre buckets. The material was stored with constant 
aeration, with a temperature around 20°C, and processed within 7 days. 
The sorting was carried out according to the protocol reported by Minowa and 
Garraffoni (2020) using 500 ml water samples sieved through a 30 µm mesh, poured into Petri 
dishes, and observed under a Zeiss Stemi 2000 stereomicroscope, focusing on the water column 
searching for of semiplanktonic gastrotrichs. 
Each individual was isolated, anesthetized with 2% MgCl2, mounted individually and 
digitally documented under a Zeiss Axio Imager M2 light microscope equipped with DIC and 
AxioCam MRC5 digital video camera. The images were recorded and measurements were 
taken using the ZEN lite 2.5 2018 image software.  
Taxonomic Study 
Phylum Gastrotricha Metschnikoff, 1865 
Order Chaetonotida Remane, 1925 [Rao and Clausen, 1970] 
Suborder Paucitubulatina d’Hondt, 1971 
Family Dasydytidae Remane, 1927 
  
Genus Ornamentula Kisielewski, 1991 (emended) 
Dasydytidae of 106–132 μm in length. Body covered with very large and ornamented 
scales. Dorsal neck with one or two transversal rows of three spined scales. Dorsal trunk with 
two parallel columns of six large ornamented scales and a rearmost group made of three scales. 
Long cephalic and trunk dorsal spines present on all scales or just on anterior three. Each long 
spine provided with a single strong lateral denticle. Transverse band of cephalic cilia situated 
between large lateral plates. Four paired spines groups (ta – td) along the anterior trunk half, 
two pairs of rear spines (r1 – r2) near the trunk end and in some cases a small pair of ventral 
rearmost spined scales. Posterior trunk half ventrally covered with fine ornamented and spined 
scales, oval or arrowhead in shape (Kisielewski, 1991). 
Two species: Ornamentula paraensis, Kisielewski, 1991 (type species) and 





Ornamentula miyazakii sp. nov. 
(Figs. 1-3, tables 1-2) 
Type material. Holotype. Photographs of one specimen (adult) collected from an urban 
lagoon in Paulínia, Brazil in February 2017 with floating vegetation. The specimen was 
examined alive with a compound microscope equipped with DIC, but due to the fragility of its 
body, it was destroyed and is no longer available (Garraffoni et al., 2019). The holotype is 
illustrated in Fig. 1 (Garraffoni et al., 2019) and its digital image data are available at the 
Museum of Zoology, State University of Campinas, Brazil, under the accession number ZUEC 
GCH 52. Paratypes. Photographs of two additional specimens (adult and juvenile) collected 
from the same sampling site, with digital image data available under accession numbers ZUEC 
GCH 53 to ZUEC GCH 54. 
Etymology. Species dedicated to animation director Hayao Miyazaki, a highly notorious 
animator and filmmaker. He animated the fantasy film “Princess Mononoke”, and illustrated 
the character Forest Spirit (1h01’20’’ in the original film), that at nighttime turns to 
Daidarabocchi, resembling the specimen drawn in fig. 1.  
Species-specific characters. A pair of extremely long, lateral cephalic sensory bristles 
inserted adjacent to the posterior cephalic ciliary tufts. Neck with one transversal row of three 
spined ornamented scales. Fish-shaped (oval scale with a posterior shallow constriction and 
with convexe end) lateral ornamented scale (U44), immediately posterior to the fourth spines 
group. An additional pair of dorsolateral rear spines, inserted on small ornamented scales. All 
dorsal scales with long, thick slightly curved spines with prominent denticles. 
Repository. lsid:zoobank.org:pub:62A0E65E-E8CD-4122-AA6B-FCD54A0638C0  
Diagnosis. Ornamentula species 101–193 μm in body length (126–227 μm posterior 
spines included). Cone-shaped head, small cephalion. Two pairs of extremely long cephalic 
sensory bristles. Trunk dorsally covered by two columns each made of six large, ornamented 
scales each with a single spine. Ventral trunk side with small spined scales between ciliary tufts. 
Posterior end truncated; two pairs of dorsal terminal scales each with a thick spine and a similar 
terminal ventral scale with a thick spine.  
Description. Description based on characters and measurements of two adults (holotype 
and paratype) (Table 1).  
Ornamentula of 101–193 μm length (spines excluded); 126–227 μm (spines included). 
Elongated-oval dorsoventrally flattened body, with distinct cone-shaped head, and well 
developed lobes (31 μm wide), with a short and narrow neck region. Sub-terminal mouth ring 
(8.4 μm diameter), with short tentacle-like projections around the mouth ring. Cephalion 18 μm 
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wide (U04), pleura absent, and hypostomion not observed, (figs. 1, 11). Narrow cylindrical 
pharynx (62 μm long) (figs. 6, 9). Intestine with maximum width at its middle (127 μm long, 
44 μm wide, U62,) (figs. 4-9). Truncated posterior end with two thick caudal spines (r1-r2) 
inserted on dorsolateral scales (U85; U90). 
Cephalic ciliation consists of two pairs of lateral tufts (anterior one adjacent to the mouth, 
U04; posterior one medio-lateral, U06) and a pair of cephalic ciliary transversal bands (U10), 
bordering the cephalic lateral plates, interrupted in the dorsal and ventral medial region (figs. 
1-3, 9-12). A pair of cephalic sensory bristles extremely long (4.3 μm; U03) inserted between 
the second lateral cephalic ciliary tuft and lateral cephalic transversal ciliary bands, anteriorly 
to granular lateral scales (U10) (figs. 1, 10, 11). Trunk ventral ciliation consists of three paired 
tufts (U43-U45, U59-U61, U86-U90) associated to lateral trunk spines tb1-3, tc1-2 and r2, 
respectively (fig. 3, 4). 
Body dorsum mostly covered with enormous scales with ornamentations described 
originally as scale reinforcements, probably due to their exaggerated size (fig. 1, 4-6). Cephalic 
cuticular armature: Two pairs of anterior lateral cephalic plates on the head (U10), slightly 
folded in its margin, with finely granulated surface, (fig. 7), different from the scales of the 
trunk. These plates are positioned at both sides of lateral cephalic transverse bands (fig. 1-3). 
Several pairs of small rounded scales, each with a fine barbed spine, with fine barbed spines 
(U08-U12) on the cephalic dorsal space between granulated plates (figs. 1, 10, 11). Anterior 
cephalic spines short (3.7 μm, 1.5x the length of inserted scale), lengthen gradually to the 
posterior longer ones (7 μm, 2.4x the length of inserted scale) (fig. 1). The lateral cephalic 
spines (ca) are inserted anteriorly adjacent to the granular plate (17.7 μm long, U03), much 
thicker at the base and gradually getting thinner distally, until the denticle, where it gets thinnest 
(figs. 1-3, 7).  
Trunk cuticular armature: Single dorsal anteriormost transversal row with three simple 
spined scales (U21). The dorsal trunk is covered with two parallel column of six scales each 
(U24, U30, U43, U58, U76, U90), with varying sizes (Table 2), each scale bears a long, straight, 
thick, and barbed spine at ⅘ of its length. Laterally, three scales positioned posterior to each 
spine group (U35, U50, U64), first rounded between ta and tb spine groups; followed by fish-
shaped scale, posterior to tb spine group (i.e. rounded anterior half, with middle portion slightly 
constricted, and posterior half concave, with two pointed edges); posteriormost rounded scale 
lodged on the concavity of fish-shaped scale. Two pairs of rearmost ventrolateral scales (U67, 
U96) with r1 and r2 spines inserted, followed by a ventral triangular scale (figs. 2, 3, 8) with 
short curved spine (U99). Ventrolateral trunk with thick and straight spines organized in four 
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groups (ta, tb, tc, td) arranged in 5-3-2-1 spines each (U27, U43, U61, U68), with a conspicuous 
denticle at ⅘ of its length, and inserted on triangular scales (figs. 2-3, 8). The ta group is the 
most laterally inserted, with ta1-2 spines dorsolateral (fig. 2). Ventral trunk anteriorly smooth 
in interciliar space, and posterior region with 15 small rounded scales (U55-70) between tb, tc, 
and td spine groups. Anterior scales with longer spines (3.4 μm, 1.5x the length of inserted 
scale) followed by posterior ones shorter spines (1.7 μm, 1.5x the length of inserted scale) (fig. 
8). Sexuality unknown, as we could not observe any specimen with eggs, nor the sexual organs. 
Ecology: Freshwater, periphytic and semiplanktonic among roots of floating vegetation 
mainly composed by Eichhornia sp.  
Remarks. Although the body plan of the taxon Ornamentula seems to be different from 
other members of Dasydytidae, it shows some common characteristics with other 
semiplanktonic species. Like its counterparts, Ornamentula species are characterized by a 
tenpin-shaped body, with evident head and neck constriction, cephalic ciliature arranged by 
discontinuous tufts and/or bands and body with paired groups of ventrolateral single-barbed 
spines. 
Both Atlantic and Amazonian Ornamentula species share several unique morphological 
features characteristic of the taxon bauplan, such as: i) two parallel columns of dorsal 
ornamented scales forming a rigid armature, ii) two pairs of lateral cephalic plates (granular 
scales) on both sides of cephalic transverse ciliary bands, iii) a pair of lateral cephalic spines, 
iv) two pairs of ventrolateral cephalic ciliary tufts followed by the transverse band, and three 
ventral ciliary tufts on the trunk, v) four groups of movable ventrolateral spines with a 
conspicuous denticle inserted on ornamented scales and organized in 5-3-2-1 (ta-tb-tc-td) and 
vi) two pairs of terminal ventral spines with denticles (r1 and r2).  
However, the new species can be distinguished from O. paraensis by some remarkable 
differences: 
1. The dorsolateral cephalic spines (ca) thicker and curved, followed by a pair of long 
cephalic bristles adjacent to the second cephalic tuft, absent in former species. 
2. The group of dorsal cephalic scales provided with spines with prominent denticles, in 
contrast to simple and shorter spines in former species. 
3. The absence of second dorsal transverse rows of scales on the neck, present in O. 
paraensis. 
4. The lateral trunk scale, posterior to tb spine group, fish-like shaped, in contrast to the 
rounded scale of O. paraensis. 
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5. Ventral spined scales with rounded uniform shape through the ventrum, unlike O. 
paraensis, with rounded in anterior portion and posteriorly triangular shaped. 
6. A third terminal ventral scale with a short, simple and curved spine, much shorter than 
r1 and r2 spines, absent in O. paraensis. 
 
Discussion 
It is well known in the literature how difficult the identification process is for meiofauna 
species (Fonseca et al., 2018; Garraffoni et al., 2019) and how remarkably poor the biodiversity 
knowledge is of these microscopic organisms compared to other groups of animals (Appeltans 
et al., 2012; Fonseca et al., 2018). Consequently, accurate diagnosis and meiofaunal species 
delimitation are difficult to access, leading to shortfalls (sensu Hortal et al., 2015) regarding 
identity, distribution and evolution of meiofaunal taxa.  
As pointed out by Fonseca et al., (2018), to overcome the shortfalls it is highly 
recommended that meiofaunologists use the available microscopical techniques (optical, 
scanning, transmission, and confocal microscopy) as much as possible to better describe the 
external morphology and internal anatomy of new species. Thus, we are aware of the risk of 
conducting a nomenclatural act based on morphological information obtained only with the use 
of light microscopy with DIC gathered from two adult specimens. However, our decision to 
designate a new species is grounded in practical and philosophical standpoints that supported 
us to consider Ornamentula paraensis and O. miyazakii sp. nov. as two distinct evolutionary 
entities, or two distinct explanatory hypotheses for the intrinsic or relational properties of 
organisms that can be accounted for reproductive events (Fritzhugh 2005, 2009). 
In some cases due to environmental remoteness, sampling depth (e.g. deep sea), or rarity 
of some taxa2, only one or very few meiofaunal specimens are collected and can be used to 
observe a sufficient number of morphological features to identify and delimit the species. Thus, 
taking into account these specificities and the ontological status of species taxa as a species-as-
individuals hypothesis (e.g. Coleman and Wiley 2001; Fitzhugh 2009), we agree with Kieneke 
and Nikoukar (2017) and interpret the description of new species based on very few specimens 
as “primary species hypothesis”. In this case, the use of “primary” is only an indication of the 
initial essay for species delimitation, because Ornamentula miyazakii sp. nov. or 
                                                 
2
In the last five years, we have been continuously sampling the lagoon were Ornamentula miyazakii sp. 
nov. was found and we were able to find many specimens of three unknown species of semiplanktonic gastrotrich 
(two of them were described by Minowa and Garraffoni, 2017, in press) and at least five unknown benthic 
gastrotrich (one of them described by Garraffoni and Melchior, 2015). However, until October 2019, this was the 
only sampling moment we found specimens belonging to Ornamentula miyazakii sp. nov. 
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Thaumastoderma antarctica Kieneke, 2010 (among many other examples in gastrotrichs) were 
hypothesized as entities that have unique common evolutionary origins and are 
spatiotemporally located (Rieppel, 2009), in the same way that any taxonomist would do if they 
had many specimens to analyze. 
Besides, hypotheses of homology between characteristics of species of distinct lineages 
are as important as the hypotheses of species themselves. Highlighting the existence of the pairs 
of granular transverse scales on both species of Ornamentula, inserted on both sides of the head, 
arranged in such a way that the transverse ciliary band lies between them. However, these 
granular scales, despite the similar relative positions on the head, are not homologous to the 
cephalic pleura present in other Paucitubulatina (Kieneke and Schmidt-Rhaesa 2015). This 
statement is supported by the position relative to the ciliary arrangement, as such structures are 
arranged adjacent to the cephalion, and each ciliary cephalic tuft is inserted ventrally (Minowa 
and Garraffoni 2020) on benthic representatives. Even compared with the semiplanktonic 
species, the cephalic reinforcement (pleura) is inserted anteriorly to the ciliary band, in contrast 
with the posterior insertion of the second scale in the Ornamentula species. 
 
Garraffoni and Araújo (2020) provided a taxonomic key for Neotropical Gastrotricha 
species, which we updated here with the Ornamentula identification and included the new 
species. 
Gastrotricha: Chaetonotida: Dasydytidae: Ornamentula 
1a. Cephalic spined scaled simple; dorsal scales arranged in two parallel columns of six 
scales each, three anterior with long barbed spines, three posterior spineless, dorsal neck with 
two transversal rows of three spined scales …………………………….Ornamentula paraensis 
1b. Cephalic spined scaled barbed; dorsal scales arranged in two parallel columns of six 
scales each, all of them with long barbed spines, dorsal neck with single transversal row of three 
spined scales …………………………………………………..Ornamentula miyazakii sp. nov. 
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TABLE 1. Morphometric features of Ornamentula miyazakii sp. nov. and O. paraensis. All 
measures in μm. x = average (without the juvenile measures in O. miyazakii sp. nov); n = 
number of specimen. 
Characters 
O. miyazakii sp. nov. O. paraensis 
ind1 (holotype) ind2 (paratype) ind3 (juvenile) x Range x n 
Body length, spines 
excluded 
193 175 101 184 106-132 122 10 
Total body length 227 201 126 214 133-162 150 10 
Maximum head width 23 - 40 23 28-44 35 6 
Minimum neck width 18 - 22 18 17-26 22 5 
Maximum trunk width 35 - 44 35 33-48 42 5 
Pharynx length 62 68 28 65 35-43 38 4 
Diameter of mouth ring 8 23 14 16 7 7 1 
Cephalion length - - - - 8 8 1 
Cephalion width - - 18 18 19 19 1 
Spine length 
ca 15 21 35 18 17.5-23 20 4 
ta1 25 19 50 22 31 31 1 
ta2 23 21 - 22 29; 38 - 2 
ta3 19 23 - 21 41; 42 - 2 
ta4 22 21 - 21 44 44 1 
ta5 16 22 - 19 42 42 1 
tb1 68 48 52 58 38-44 42 3 
tb2 62 53 41 57 40-44 43 4 
tb3 64 43 50 53 43; 44 - 2 
tc1 63 48 - 55 36; 40 - 2 
tc2 65 48 - 57 33-36 35 3 
td - 50 - 50 38-41 40 4 
r1 33 24 - 29 26-34 29 11 
r2 27 21 57 24 26-31 28 11 
d1 - 73 84 73 31-33 32 3 
d2 - 48 72 48 31-38 36 6 
d3 - 50 50 50 30-34 32 7 
Scales length 
s1 12 26 - 19 7 7 1 
s2 16 - - 16 15 15 1 
s3 3 29 - 16 25 25 1 
s4 30 50 - 40 21 21 1 
s5 28 47 - 37 21 21 1 
s6 11 51 - 31 8 8 1 
s7 - - - - 4 4 1 
Scales width 
s1 14 47 - 31 12 12 1 
s2 24 - - 24 16 16 1 
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s3 26 30 - 28 19 19 1 
s4 24 53 - 38 20 20 1 
s5 18 48 - 33 15 15 1 
s6 15 40 - 27 10 10 1 





TABLE 2. Comparison of several morphological structures between O. miyazakii sp. nov. and 
O. paraensis. 
Species Ornamentula miyazakii sp. nov. Ornamentula paraensis 
Cephalic 
ciliation 
Two anterior tufts followed by 
transverse band 
Two anterior tuft followed by 
transversal discontinuous band, 
two pairs of ventral medial tufts 
Cephalic 
dorsal scales 
15 spined scales between cephalic 
plates 




Extremely thick, barbed, inserted on 
small scale 




Dorsolateral long bristle Without bristle 
Granular 
lateral plates 
Two pairs of lateral scales adjacent to 
transversal ciliary band 
Two pairs of lateral scales adjacent 
to transversal ciliary band 
Trunk 
ciliation 




Six pairs of dorsal scales, all spined Six pairs of dorsal scales, anterior 
three spined, posterior spineless 
Trunk lateral 
scales 
Three lateral oval to fish-shaped scales 
posterior to each spine group 
Three lateral rounded scales 
posterior to each spine group 
Trunk ventral 
scales 




5-3-2-1 thick, straight barbed spines, 
inserted on triangular to round 
ventrolateral scales 
5-3-2-1 thick, straight barbed 
spines, inserted on triangular to 
round ventrolateral scales 
Rear spines (r) Two barbed spines inserted on lateral 
scales, one simple short spine inserted 
on ventral scale 





FIGURES 1-3. Schematic drawing of Ornamentula miyazakii sp. nov. A: Dorsal view; 
B: Lateral view; C: Ventral view. at: anterior ciliary tuft; ca: cephalic long spine; cs: cephalic 
spines; db: dorsal band; fs: fish-shaped scale; gs: granular scale; ps: posterior spine; pt: posterior 
ciliary tuft; r1: rear spine 1; r2: rear spine 2; sb: sensory long bristle; sr: scales transverse row; 







FIGURES 4-8. Ornamentula miyazakii sp. nov. photomicrographs. A: Lateral view; B 
Dorsal View; C: Ventral view; D: Dorsal cephalic view; E: Ventral trunk view. ca: cephalic 
long spine; cs: cephalic spines; ds1-5: dorsal scale; fs: fish-shaped scale; gs: granular scale; ps: 





FIGURES 9-12. Ornamentula miyazakii sp. nov. photomicrographs. A-D: Dorsal view. 
at: anterior ciliary tuft; ce: cephalion; db: dorsal band; pt: posterior ciliary tuft; sr: scales 
transverse row. 
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Capítulo 3. Assessing biodiversity shortfalls of freshwater meiofauna from the 
Atlantic Forest: new species, distribution patterns and the first total-evidence phylogeny 
of semiplanktonic Gastrotricha  
Axell K. Minowa, André R. S. Garraffoni 
Laboratório de Evolução de Organismos Meiofaunais, Departamento de Biologia 
Animal, Instituto de Biologia, Universidade Estadual de Campinas, 13083-970, Campinas, São 
Paulo, Brazil 
Abstract 
The Brazilian Atlantic forest is a tropical rainforest recognized as a hotspot of 
biodiversity, with high species richness and endemicity. This forest extends over a wide 
latitudinal range, bordering the entire Brazilian coastline, from sea level to high mountains over 
2000 m.a.s.l., and presents a variety of environmental conditions and forest physiognomy. 
Despite many years of intense studies on animal biodiversity in the biome, there is a lack of 
information on meiofauna taxa causing several shortfalls in biodiversity knowledge of these 
tiny organisms. In this study, we address some of these shortfalls by describing a new species 
of Neogossea (Gastrotricha: Chaetonotida) from a lentic ecosystem in southeastern Brazil, 
surrounded by fragments of Atlantic Forest by using an integrative approach combining 
different morphological techniques and molecular data. We also point out new hypotheses of 
homologous structures due to scanning electron microscope observations of the new species 
presented. Additionally, we used two numerical methods to assess distribution patterns and 
historical regionalization of four freshwater meiofaunal taxa (Gastrotricha, Rotifera, Copepoda 
and Cladocera). For the first time, we accessed the areas of endemism in this biological hotspot 
based on aquatic fauna with a very peculiar life history. Due to sampling issues and meiofauna 
species being widespread, our results raise incongruences with previous endemism analyses on 
vertebrates and arthropods. Finally, we performed the first total-evidence phylogenetic analyses 
of benthic and semiplanktonic gastrotrichs based on 59 morphological characters and three 
molecular markers, employing a parsimony approach. The phylogenetic reconstruction 
supports the hypothesis of a single origin of semiplanktonic gastrotrichs, and both Dasydytidae 
and Neogosseidae families are monophyletic taxa as well as four non-monotypic genera. 





The Brazilian Atlantic Forest is a tropical rainforest situated on mountainous slopes and 
recognized as one of the world’s hotspots of biodiversity due to its high richness of species and 
high level of endemism (Scarano, 2002; Myers et al., 2000; Galindo-Leal et al., 2003; Teixeira 
et al., 2009). Although the biome has lost most of its original area from Pre-Columbian time 
(Oliveira-Filho and Fontes, 2000), it still extends over a large area, from the northeast coast of 
Brazil to northern Paraguay and Argentina (Ribeiro et al., 2009) and exhibits a wide variety of 
geographic and forest physiognomies.  
Currently, there is relatively solid knowledge concerning its flora and fauna, with more 
than 8000 cataloged species (Mittermeier et al., 2005). However, studies on animals are mainly 
focused on arthropods and vertebrates (Lewinsohn et al., 2005) and there is still poor knowledge 
on the biodiversity of aquatic organisms, including various meiofauna taxa (Creer et al., 2010; 
Müller et al., 2019).  
The meiofauna organisms are found within at least 20 animal phyla and are formally 
limited by size boundaries defined by the standardized sieve mesh between 500 µm and 63 µm 
(Giere, 2009). Nevertheless, this definition encompasses several phyla with completely 
different evolutionary histories (Curini-Galletti et al., 2012). They represent a separate 
ecological group of animals, apart from macroscopic ones, due to similar challenges they face 
living among sediment grains (Giere, 2009). This operational assemblage of microscopic 
metazoans lives permanently or temporarily in interstitial habitats as well as in periphytic 
habitats, between the roots, branches, and leaves of submerged or floating aquatic plants (Giere, 
2009). Although they represent a significant portion of aquatic biodiversity (Curini-Galletti et 
al., 2012), these species are often overlooked due to their size and the difficulties of working 
with microscopic organisms. The combination of these two factors inevitably leads to 
knowledge gaps or shortfalls of meiofauna (Hortal et al., 2015; Fonseca et al., 2018).  
Hortal et al., (2015) defined seven global shortfalls in biodiversity knowledge and three 
of them are known as the Linnean, Wallacean and Darwinian shortfalls. The discrepancy 
between the number of described species and the number of existing species is called the 
Linnean shortfall (Hortal et al., 2015). This shortfall can be especially severe in meiofauna 
(Fonseca et al., 2018), as the number of new species descriptions declines with decreasing 
animal body size (Fenchel and Finlay, 2004). The Wallacean shortfall, concerning the lack of 
geographical distribution information, comes from geographic biases in the information on 
species distribution that heavily depends on sampling effort, scientific capacity, and 
accessibility (Hortal et al., 2015). It is interesting to note that both shortfalls lead to a peculiar 
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meiofaunal problem, as poor taxonomic knowledge results in a poor species delimitation and 
identification leading to “paradoxical” ubiquitous distributions of many small benthic 
meiofaunal organisms (Fenchel and Finlay, 2004; Fonseca et al., 2018). Lastly, the Darwinian 
shortfall refers to a lack of knowledge about the evolutionary history of organism lineages. 
Despite the development of several methods to access the phylogenetic relationships among 
taxa, the poor knowledge of morphological and molecular data of meiofaunal taxa limits our 
understanding of their evolution (Fonseca et al., 2018).  
Gastrotricha, one of the most common meiofaunal taxa, are composed of free-living, 
soft-bodied aquatic animals found in virtually any aquatic environment all over the world 
(Todaro et al., 2019). The taxon comprises a pronounced morphological plasticity, with worm-
like to tenpin-like shaped animals, ranging from 60 µm to 3000 µm in body length. They are 
grouped in two major lineages, the almost marine Macrodasyida and mainly psammitic 
Chaetonotida (Balsamo et al., 2008; 2014; Kieneke and Schimidt-Rhaesae, 2015). Despite the 
fact that sampling effort has increased in the last decades, our knowledge on Gastrotricha 
biodiversity is far from complete (e.g Appeltans et al., 2012; Todaro et al., 2014; Garraffoni et 
al., 2017).  
It is important to highlight that although the large majority of the taxa are meiobenthic, 
several of them have a semiplanktonic lifestyle (Kisielewski, 1991; Balsamo et al., 2014; 
Kånneby and Todaro, 2015: Todaro et al., 2019). Currently, among more than 860 Gastrotricha 
species (Todaro et al., 2019), 44 show a planktonic lifestyle. These belong to the family 
Dasydytidae Daday, 1905 (33 species), family Neogosseidae Remane, 1927 (10 species) and 
subfamily Undulinae (Chaetonotidae) Gosse, 1864 (1 species) (Balsamo et al., 2014; Kånneby 
and Todaro, 2015; Minowa and Garraffoni, 2017). The freshwater semiplanktonic gastrotrichs 
are characterized by distinct morphological traits, such as the reduction or total loss of the 
posterior adhesive tubes, groups of long spines inserted ventrolaterally, ventral cilia divided 
into small tufts along the body and transverse cephalic bands that encircle the head region 
(Kisielewski, 1991; Balsamo et al., 2014; Kånneby and Todaro, 2015). 
The geographical distribution of many freshwater benthic meiofauna taxa is poorly 
understood (Rundle et al., 2000), as seen in freshwater Gastrotricha (Balsamo et al., 2008; 
Garraffoni et al., 2017, 2019a). However, it is important to note that semiplanktonic species are 
well represented by 12 endemic species (Kisielewski, 1991; Kånneby and Todaro, 2015; 
Minowa and Garraffoni, 2017). Furthermore, due to morphological adaptations only observed 
in Brazilian semiplanktonic gastrotrichs, such as cuticular ornamentation described by 
Kisielewski (1991), seen on numerous Dasydytes, Haltidytes and Ornamentula, which is 
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uncommon in Dasydytidae, some are very interesting from an evolutionary perspective 
(Kisielewski, 1991; Kånneby and Todaro, 2015; Minowa and Garraffoni, 2017). 
The origin and evolution of semiplanktonic gastrotrichs are still under debate 
(Kisielewski, 1991; Hochberg and Litvaitis, 2000; Kieneke et al., 2008a, Kånneby et al., 2013, 
Kånneby and Todaro, 2015). Kisielewski (1991) hypothesized that semiplanktonic gastrotrichs 
derive from benthic ancestors closely related to Chaetonotus (Zonochaeta) Remane, 1927 
species; recently, this hypothesis was also supported from a molecular perspective (Kånneby et 
al., 2013; Kånneby and Todaro, 2015). Hochberg and Litvaitis (2000) and Kieneke et al., 
(2008a) identified a sister group relationship between the benthic and semiplanktonic species. 
However, sister taxa were either the family Proichthydidae, or Chaetonotus (Brevipedichaeta) 
uncinus Voigt, 1902.  
Accordingly, in this study we address some shortfalls in knowledge on meiofauna, 
contributing to increase our knowledge of Atlantic Forest biodiversity. First, we described a 
new species belonging to the genus Neogossea Remane, 1927 (Neogosseidae). To better assess 
the species delimitation, we conducted detailed morphological studies on the external and 
internal features using differential interference contrast microscopy (DIC) and scanning 
electron microscopy (SEM), and obtained molecular data from nuclear DNA. Also, we explored 
different biogeographic numerical methods (Endemicity Analysis and Topographic-unit 
Parsimony Analysis) to better understand the patterns of distribution and endemicity of four 
freshwater meiofaunal taxa (Gastrotricha, Rotifera, Copepoda and Cladocera). Finally, we 
accessed the evolutionary history of the Gastrotricha phylum presenting the first total-evidence 
phylogeny based on morphological characters and three molecular markers, using 33 species as 
terminal taxa, employing a parsimony approach. 
2. Materials and methods 
2.1 Sampling 
The sampling site was a freshwater urban lagoon (470 m × 100 m - approximately 0,05 
km² in area) surrounded by fragments of Atlantic Forest and planted areas located in Paulínia, 
São Paulo, Brazil (22°47'41"S, 47°08'46''W). This lagoon had a large number of floating aquatic 
plants, mainly consisting of Eichhornia sp. and Salvinia sp., from which the samples were 
always collected among roots of floating vegetation, using a small container attached to a stick. 
Sampling was conducted during the rainy season (October to March) of 2 consecutive years, 
between October 2017 and March 2019. During the second year of sampling the city hall began 
to perform periodic cleaning of this lentic ecosystem, making aquatic vegetation rarer. Each 
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sample was stored in buckets with constant aeration and temperature around 20°C to maximize 
the animal survival in the laboratory (Balsamo et al., 2014). Pelagic gastrotrichs were located 
by sorting small water samples sieved through a 30 µm mesh and poured into Petri dishes, under 
a Zeiss Stemi 2000 stereomicroscope.  
The collection site geographic coordinates were recorded using Google Maps®. 
2.2 Differential interference contrast microscopy (DIC) 
The gastrotrichs were isolated, mounted individually, anesthetized with 2% MgCl2, and 
digitally documented under a Zeiss Axio Imager M2 light microscope equipped with a DIC and 
AxioCam MRC5 digital video camera. The images were recorded and measurements were 
taken using the image software ZEN lite 2.5 2018. 
2.3 Scanning electron microscope (SEM) 
Some specimens were fixed in 2% glutaraldehyde in sodium-cacodylate buffers for 
storage. These specimens were rinsed in 0.1M PBS, dehydrated through a graded ethanol series 
(30%, 40%, 50%, 60%, 70%, 90%, 95%, 100% twice, 5 minutes each) carried out according to 
Abolafia (2015), using small containers to transfer the specimens from one alcohol solution to 
another. Afterwards, they were critical point dried in a Bal-Tec CPD 030 critical point dryer, 
mounted on aluminum stubs, and sputter-coated with gold-palladium using Sputter Coater 
SCD-050. Observations were carried out under a JEOL JSM 5800LV SEM available at the 
University of Campinas (UNICAMP).  
2.4 DNA extraction, amplification and sequences 
Genomic DNA was extracted from entire individuals of Neogossea cthulhu sp. nov. and 
Cephalionotus kisielewskii Garraffoni, Araújo, Lourenço, Guidi and Balsamo, 2017 using a 
QIAmp DNA Micro Kit (Quiagen), following the manufacturer’s instructions. PCR 
amplification was performed in a 20 µL reaction mixture containing 3 µL of genomic DNA, 
13.5 µL of water, 2 µL of 10x buffer, 0.5 µL of dNTP, 0.2 µL of Taq Platinum (Quiagen) and 
0.4 µL (4 pmol) of specific primers (see supplementary Table S1). The DNA fragments were 
sequenced using BigDye Terminator reactions in a 3500xL Genetic Analyzer (Life 
Technologies) at the CBMEG laboratory (Campinas, Brazil). The 18S rDNA and 28S rDNA 
sequences of Neogossea cthulhu sp. nov. and 28S rDNA sequences of Cephalionotus 




2.5 Data gathering and choice of taxa for biogeographic analyses 
Distribution data of freshwater meiofauna of the Atlantic Forest were compiled from 
the literature (see supplementary Table S2 for references) and we recorded 10056 points of 
occurrence (fig. 6A). The taxa analyzed were represented by 179 genera and 776 meiofaunal 
species, including Gastrotricha (12 genera; 42 species), Copepoda (42 genera; 104 species), 
Cladocera (49 genera; 156 species), and Rotifera (76 genera; 474 species) (see supplementary 
Table S3 for complete list of species).  
All maps were created and organized in a Geographical Information System (the open 
source Quantum Geographical Information System, QGIS version 3.12.1 
www.qgis.org/en/site/) 
2.6 Topographic-unit parsimony analysis (TUPA) 
We applied the system of topographic units (TUPA) proposed by Amorim and Santos 
(2018). Instead of using grid-cells as basic components of a biogeographic analysis, Amorim 
and Santos (2018) proposed the use of altitude, rivers and biomes to define natural basic units 
for studies of endemicity patterns. As we are dealing with freshwater organisms we used 
topographic units considering the hydrographic sub-basin presented in the Atlantic Forest. In 
total, 34 individual topographic units were delimited. 
A parsimony analysis of the presence–absence matrix of every species occurrence 
versus the topographic units, i.e. hydrographic sub-basin, was performed using TNT software 
(Goloboff et al., 2008). We used the heuristic method, with 10000 replications, with a tree 
bisection and reconnection swapping algorithm with 25 trees saved per replicate. The heuristic 
search was performed using an implied weighting scheme under k = 3. We tested different k-
values (results not shown), but just like Amorim and Santos (2018), we used k = 3 considering 
consistency among the obtained topologies. The saved tree was analyzed using Winclada 
(Nixon, 2002).  
 2.7 Endemicity Analysis (NDM/VNDM) 
Endemicity analysis (NDM) was proposed by Szumik et al., (2002) and Szumik and 
Goloboff (2004) and implemented in VNDM by Goloboff (2005). We used the software NDM/ 
VNDM 3.1 (Goloboff, 2005) and performed the analysis with grid-cells of 0.5° × 0.5°, for a 
given species we considered 20% of presence observed and 50% of presence assumed (Aagesen 
et al., 2009) and 100 random additional sequences. We summarize the areas (consensus) that 
share 60% minimum similarity of endemic species. 
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2.8 Taxon sampling for phylogenetic analysis 
The sampling was focused on 20 benthic and 13 semiplanktonic gastrotrichs, which 
totaled 33 terminal taxa, with 31 ingroup terminals and 2 outgroup terminals (Table 1). The 
ingroup was composed of 10 of the 14 genera belonging to Chaetonotidae, 2 of the 2 genera 
belonging to Neogosseidae and 4 of the 7 genera belonging to Dasydytidae (Table 1). We chose 
to use mainly species from Chaetonotidae for the ingroup because previous analyses supported 
that the clade containing Dasydytidae and Neogosseidae was nested within Chaetonotidae 
(Hochberg and Litvaitis, 2000; Kieneke et al., 2008a; Kånneby et al., 2013; Kånneby and 
Todaro, 2015). As outgroups, we chose representatives from Xenotrichulidae Remane, 1927 
and Muselliferidae Leasi and Todaro, 2008 because the former group appeared as a sister group 
of Chaetonotidae (Kånneby et al., 2013), or both taxa appeared either as a clade within 
Chaetonidae (Kånneby and Todaro, 2015) or both taxa, united as a monophylum, formed a 
sister clade with Chaetonidae (Kieneke et al., 2008a). 
2.9 Character Sampling, DNA sequences, Alignments and phylogenetic analysis 
Morphological characters were gathered from the list of characters used by Kieneke et 
al., (2008a). Initially, the species–character matrix proposed by these authors was composed of 
135 characters in total, but Kieneke et al., (2008a) aimed to reconstruct the internal relationships 
of Gastrotricha. Thus, to obtain a maximum amount of information in our morphological data 
matrix, we eliminated those characters (and also character states) that were inapplicable to our 
dataset and obtained a final number of 59 characters (see supplementary Table S4). 
With the exception of the DNA sequences generated in this study, all others were 
obtained from GenBank (Table 1). Ribosomal 18S, 28S and mitochondrial CO1 sequences were 
aligned separately with Mafft v.7.215 using the L-INS-I approach (Katoh and Standley, 2013). 
The best-fit substitution model was determined with jModelTest 2.1.4 (Darriba et al., 2012). 
The aligned gene sequences were concatenated using the SequenceMatrix version 1.8 
(Vaidya et al., 2011). The morphological data matrix was assembled and processed using the 
software R, version 3.6.1. Finally, the concatenated molecular dataset and morphological data 
matrix were joined into a single file using the same software R, version 3.6.1. (script available 
in supplementary Table S5). 
The parsimony analysis was performed using a heuristic search with equally weighted 
characters that was available in TNT software (Goloboff et al., 2008). Most parsimonious trees 
were searched by the heuristic method, with 1,000 replications, holding 1,000,000 trees per 
search (command line: mult = replications 1000 hold 1000000) and collapsing the tree after the 
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search. Branch support was evaluated through bootstrap support (command line: resample 
replications 1000). Branch support was evaluated through relative Bremer support (command 
line: bbreak = tbr). 
3. Results 
3.1 Taxonomic Account 
Phylum Gastrotricha Metschnikoff, 1865 
Order Chaetonotida Remane, 1925 [Rao and Clausen, 1970] 
Suborder Paucitubulatina d’Hondt, 1971 
Family Neogosseidae Remane, 1927 
 
Genus Neogossea Remane, 1927 (emended diagnosis) 
 Neogosseidae with a body 90-200 μm in length. Body end truncate, with a pair of 
posterolateral projections, each provided with a tuft of long simple (occasionally barbed) spines, 
occasionally also with short claw-like structures. Cephalion present and hypostomion absent. 
Body covered with fine spined scales, scale edges being often fused with basal cuticle, 
occasionally with pedunculated scales. Spines short and simple, occasionally partly long and 
barbed. Mouth units two-segmented, with distal segments joined one with another and equipped 
with bristles. The anterior pharynx half consists of a terminal bulb and two smaller dilations, 
the posterior half in the form of a large bulb. Cuticular pharyngeal reinforcements lacking. 
Seven species: N. antennigera (Gosse, 1851), N. fasciculata (Daday, 1905), N. 
pauciseta (Daday, 1905), N. voigti (Daday, 1905), N. sexiseta Krivanek and Krivanek, 1959, N. 
acanthocolla Kisielewski, 1991 and Neogossea cthulhu sp. nov. 
 
Neogossea cthulhu sp. nov. 
(Figs. 1-4, Table 2) 
Type specimens 
Holotype. Photographs of one specimen (adult) collected from an urban lagoon in 
Paulínia, Brazil in August 2019 in floating vegetation including Eichhornia sp. The specimen 
was examined alive with a compound microscope equipped with DIC, but due to the fragility 
of its body, it was destroyed and is no longer available (Garraffoni et al., 2019b). The holotype 
is illustrated in Fig. 2A-C, E, G (International Commission on Zoological Nomenclature, 2017: 
Articles 73, Recommendation 73G, in Declaration 45) and its digital image data is available at 
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the Museum of Zoology, State University of Campinas, Brazil, under the accession number 
ZUEC GCH 56. 
Paratypes. Photographs of 9 specimens (adult) and 1 juvenile collected from an urban 
lagoon in the city of Paulínia, Brazil in October 2017 in floating vegetation including 
Eichhornia sp. The specimens were examined alive with a compound microscope, but due to 
the fragility of the bodies, they were destroyed and are no longer available (Garraffoni et al., 
2019b). Photographs of each specimen are available at the Museum of Zoology, State 
University of Campinas, Brazil, under the accession numbers ZUEC GCH 57 to ZUEC GCH 
65. One paratype (ZUEC GCH 60) is illustrated in Fig. 2D, F (Garraffoni et al., 2019b). 
Additional material. Another three specimens were prepared for DNA sequencing and 
are no longer extant; 16 specimens were prepared for SEM (collected in a lagoon, city of 
Paulínia, Brazil in October 2017) and kept at the University of Campinas (ZUEC). 
Etymology 
Named after Cthulhu, described by American writer H. P. Lovecraft, in the short story 
named “The Call of Cthulhu”, published by pulp magazine Weird Tales in 1928, as: “a horrible 
scaly creature, with prodigious claws on its hind, narrow wings on its back, and tentacles around 
its mouth”, which resemble, respectively, the pedunculated scales, posterior claw-like structure, 
cephalic tentacles and tentacle-like projections at the gastrotrich mouth. 
Species-specific characters 
Dorsal trunk completely covered by pedunculated scales, posterior medial protuberance 




Neogossea with 232 µm in body length (posterior spines excluded; 396 µm included). 
Conical trilobate head, arrowhead-shaped cephalion with lateral projection that reaches the 
insertions of the pair of cephalic tentacles; round trunk, caudum slightly rounded with 1 pair of 
well-developed claw-like, protuberances. Two pairs of sensorial bristles at the neck and 
posterior end dorsum. Dorsum covered by small densely packed pedunculated scales. Eight 
posterior spines, smooth and slightly curved laterally, inserted bordering the anterior region of 




Description based on an adult specimen (holotype). Neogossea with a compact tenpin-
shaped body, 232 µm long (posterior spines excluded), 396 µm (posterior spines included) (figs. 
1, 2). Well distinct conical trilobated head, 78 µm wide at U16, 120 µm in maximum width at 
U58. A pair of club-shaped cephalic tentacles, with striped patterns on the surface (fig. 4A, B, 
E, F), projecting anterolaterally, almost straightly, with a smooth curve at half of its length, 32 
µm long and 5.5 µm thick basally and 7.5 µm thick distally (fig. 4A, E.); inserted laterally to 
cephalion at U09, in a similar position to the lateral cephalic plate of other chaetonotids (pleura) 
(fig. 4G, H). The neck weakly constricted at U31; the trunk posterior end slightly rounded with 
1 pair of lateral lobed protuberances, covered by a well-developed claw-like structure with a tip 
at the end (55 μm long); the anterior edge of the claw-like structure bearing (U93) eight pairs 
of long simple spines (164 µm long), each with a rhomboid-shaped base (figs. 2A, D; 3A, C); 
and between the lateral lobed protuberances, a medial protuberance bearing three bristles (fig. 
2G). Hypostomion not observed. Large arrowhead-shaped cephalion (16 μm long x 8 μm wide) 
with lateral prolongations on anterior end (2 μm long each), visible only under SEM (fig. 3D). 
Cephalic ciliature formed by a complex of different small tufts and bands (figs. 1; 2C). 
The anteriormost tuft (U10), laterally adjacent to the mouth ring, followed by the second (U11), 
ventrally inserted on cephalic tentacle base. Posteriorly to the ciliary tufts, a pair of lateral 
semicircular bands that extend from ventrum to dorsum of the head (20). Medially, a pair of 
small ventral tufts (U10) between lateral tufts, followed by medial band (U18) between lateral 
semicircular bands. 
Ventral ciliature formed by three long bands arranged along the trunk (U47-U58, U67-
U77, U83-U94). The first pair arranged almost longitudinally to the axis of the body, 
immediately at the base of the neck at U47 (38 μm long) (fig. 1). Another band was diagonally 
positioned in relation to the axis in the second half of the trunk at U67 (40 μm long). Finally, 
the last pair at the base of the insertion structure of the posterior spines at U83 (40 μm long). 
Associated with insertion of cephalic ciliary band and ventral cilia tuft, there are several 
connections between inner body wall and the cuticle (fig. 2B). This structure is not visible due 
to an artefact due to osmotic shock of the anesthetic that creates an artificial space. 
A dorsal anterior pair of sensorial bristles (50 μm long) close to the neck base (U25) 
and another posterior (43 μm long), close to posterior spine base (U92) (fig. 2E, F). 
The dorsal and ventral cuticle are densely covered by small pedunculated scales (with 
the exception of a naked ventral region between ciliary tufts), from the posterior end of the 
cephalion and the lateral cephalic ciliary bands to the posterior trunk extremity, ending at the 
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base of the posterior spines. Scales arranged in more than 40 interspersed transverse rows, with 
more than 30 overlapping scales at U58. The posterior region of each scale overlapping the 
anterior region of half of each of the next two scales. Small scales (1 µm at head base, 4-5 µm 
at trunk) with a rounded anterior end and concave posterior end (swimming pool board-shaped) 
(fig. 1C, D) 
The mouth ring is terminal, 12 µm in diameter; dorsally fused to the cephalion, consists 
of a circular ring with teeth-like cuticular ridges arranged radially. Pharynx short compared to 
body length, 60 µm long, with anterior bulb (29 µm wide x 17 µm long) separated by middle 
narrowing (25 µm wide x 10 µm wide) to posterior bulb (34 µm wide x 40 µm wide) (fig. 2F). 
Pharynx posterior end connected to the intestine by strong sphincter (fig. 2F). Intestine wider 
than pharynx (77 µm wide) and uniform in width, that extends to posterior end (figs. 1A, B; 2B, 
D). 
Sexuality unknown, as we could not observe any specimen with eggs (the species is 
probably parthenogenetic considering the pattern observed in other neogosseids). 
Ecology: Freshwater, periphytic and semiplanktonic among roots of floating vegetation 
such as Eichhornia sp. The long posterior spines can quickly spread outwards during swimming, 
enabling rapid movements of the animal when disturbed, in contrast to its regular rectilinear 
swimming with a helicoidal trajectory. 
Distribution: Paulínia, Brazil 
Occurrence: This species appeared occasionally in samples taken during the Brazilian 
rainy season (October to March) from October 2017 to March 2019. 
Remarks: The new species shares several characteristics with species belonging to 
Neogosseidae, such as the cephalic tentacles and the arrangement of the tufts and ciliary bands 
on the head and trunk, in addition to the long and movable posterior spines. N. cthulhu sp. nov. 
resembles species of the genus Neogossea because of the truncated body end, which is lobed 
and bears a group of very long simple or barbed spines (Kijanebalola species have a rounded 
body end, without lobes, with very short spines) and a trunk cuticle completely covered by 
small pedunculated or simple scales (Kijanebalola species have keeled scales). 
The claw-shaped base of the posterior spines is one of the remarkable characteristics of 
Neogossea cthulhu sp. nov., but it is also observed in N. antennigera and N. fasciculata. 
However, the new species can be distinguished from N. antennigera by the number of posterior 
spines (eighth spines of N. cthulhu sp. nov. vs four to five of N. antennigera) and the presence 
of sensorial bristles; on the other hand, the new species resembles N. fasciculata in these 
features (d’Hondt et al., 2005; 2006). However, among these three species, the new species is 
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unique in having pedunculated scales. Although pedunculated scales can also be found in N. 
acanthocolla, the scales of the two species have different shapes (N. cthulhu sp. nov., rounded 
anterior part and concave posterior region with two pointy ends vs. N. acanthocolla, rhomboid), 
and only the specimens of N. acanthocolla have a set of brush-like spines in the mid dorsal 
trunk. 
3.2 Spatial patterns of records 
The number of records per hydrographic sub-basin ranged from 0 to 2491 meiofaunal 
sampling sites totalizing 10056 records (fig. 5A). Most of the records (55%) were found in only 
three subbasins: Doce, Grande and Paraná/Tietê/others. Among 34 hydrographic sub-basins, 10 
(30%) were not informative for the analyses (with 0 or 1 species at each site). Most of the 
species (58%) were found in only five subbasins: Paraíba do Sul, 
Paraná/Paranapanema/Amambaí/others, Doce, Grande and Paraná/Tietê/others (fig. 5B). 
The distributional ranges of freshwater meiofauna vary widely, either among the four 
main taxa (Rotifer: 18 hydrographic sub-basins, Copepoda: 19, Cladocera: 26, Gastrotricha: 4) 
or among the meiofauna species (e.g. Ceriodaphnia cornuta, Keratella americana and 
Keratella cochlearis) spanning for 14 topographic units and others as Acanthocyclops robustus, 
Acartia lilljeborgi and Acartia tonsa spanning just one.  
The TUPA main areas did not show good congruence or complementary signal with 
NDM/VNDM analysis indicating that the combination of both methods did not help to 
overcome limitations of the database (fig. 5C). 
The TUPA using hydrographic sub-basin resulted in only one tree with 1529 steps. The 
unique tree indicated a polytomy with at least three major clades, and one of this clade grouped 
58% of the topographic units (fig. 5C). In this case, the following three areas of endemism were 
observed: (1) Paraná/Paranapanema/Amambaí/others; Grande; Paranaíba; Paraná, Tietê/others; 
Paraná/ Verde/Peixes/others; Litorâneas do Rio de janeiro; Paraíba do Sul; Doce; 
Jequitinhonha; Alto São Francisco/Três Marias; Das Velhas; São Francisco/Jusante do Pajeú; 
Litorâneas de Pernambuco/Alagoas; Itajaí; (2) Pardo/Cachoeira/others; Litorâneas de São 
Paulo; (3) Camaquã/Jacu/Lagoa dos Patos e outros and Ribeira do Iguape (fig. 6C). 
Based on 0.5º x 0.5º grid, our NDM/VNDM identified 90 areas of endemism with scores 
ranging from 2 to 17.23 The consensus analysis identified 15 clusters of grid-cells with 
endemism scores ranging from 2.06 to 32.10 (some endemic areas partially overlapped in each 
cluster) (fig. 5C). This approach revealed that areas of endemism are concentrated in Southeast 
Brazil (split in coast and central components) and very few in Northeast Brazil. 
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3.3 Phylogenetic analyses 
The final alignment of the concatenated dataset yielded 6156 positions, with 59 
morphological characters and 6097bp, with 1803bp, 3630bp, and 664bp for 18S rDNA, 28S 
rDNA, CO1 mtDNA, respectively. Among the sequences, only 259bp (14%), 677bp (18%) and 
327bp (49%) of 18S rDNA, 28S rDNA, CO1 mtDNA, respectively, were parsimony 
informative sites for phylogenetic analysis, that led to 20% general proportion of informative 
sites among molecular data (1263 molecular characters vs 59 morphological characters). 
We obtained a single well-resolved phylogeny (fig. 6), and the semiplanktonic 
gastrotrichs (Neogosseidae + Dasydytidae) formed a monophyletic group with good bootstrap 
support (70). Within this clade, Neogosseidae and Dasydytidae were monophyletic, but the 
former taxon was supported by a very high bootstrap value (99) and the latter with a very low 
value. It is important to emphasize, however, that unlike the Neogosseidae clade, some internal 
relationships of the Dasydytidae species had low support in the present study (fig. 6). 
Within Neogosseidae, Kijanebalola devestiva showed up as the sister group of a 
monophyletic group formed by all included Neogossea species (N. cthulhu sp. nov. as a sister 
group of the clade N. acanthocolla and N. antennigera). 
The Dasydytidae formed a monophyletic group, represented by two distinct lineages: 
one formed by Ornamentula and Haltidytes species and another by Dasydytes species and 
Stylochaeta species (fig. 6). Only the genera Haltidytes and Stylochaeta got satisfactory support 
values (94 and 100, respectively). Semiplanktonic gastrotrichs were a sister group of the lineage 
formed by Chaetonotus bisacer and Chaetonotus heteracanthus, sister of Polymerurus 
nodicaudus, which was supported by good bootstrap values (83). 
4. Discussion 
The use of scanning electron microscopy to describe Neogossea cthulhu sp. nov. raised 
new considerations about some morphological characters in semiplanktonic gastrotrichs that 
allowed us to conduct an assessment of the homology and to come to a novel interpretation. 
Firstly, we could very clearly observe the presence of a well-developed cephalion, which was 
not visible even using optical microscopy with DIC and was considered absent for these rare 
gastrotrichs (Kisielewski, 1991; Kieneke et al., 2008a; Balsamo et al., 2014). Secondly, the 
cephalic (cuticular) plates of the chaetonitids are formed by four main structures: the dorsal 
cephalion, the paired lateral epipleurion and the paired hypopleurion (pleura) and the ventral 
hypostomium (e.g., Balsamo et al., 2014; Kieneke and Schmidt-Rhaesa, 2015). In the photos 
obtained by SEM, the pattern of stripes on the neogosseid cephalic tentacles and on the lateral 
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side of the head (fig. 4A, B, C, D) showed considerable similarity to the patterns seen on both 
epi- and hypopleurion in other representatives of the chaetonotids (Hochberg, 2001). In addition 
to the morphological similarities, the neogosseid tentacles and lateral cephalic plate were 
inserted in a similar position like relative to the epipleurion and hypopleurion of other 
chaetonotids (fig. 4E, F4G, H). From these aspects, it was possible to raise the hypothesis of 
homology between the two structures, in which the pleura suffered side expansions that helped 
the planktonic habit in the lineage of Neogosseidae. Therefore, our hypothesis of the homology 
among these structures was based on criteria of the correspondence of the position and 
composition (e.g., Brigandt, 2002) and expressing a statement of common cause, i.e., these 
gastrotrichs share these features due to common ancestry (e.g., Brigandt, 2002, Nixon and 
Carpenter 2012). One pair of the ancestral pleura must have undergone side expansion and 
transformed into the tentacles of the Neogosseidae. 
An interesting pattern observed in Brazilian semiplanktonic gastrotrichs is the high level 
of sympatry. Kisielewski (1991) found 12 distinct species of Dasydytidae and Neogosseidae in 
reservoirs and ponds in a very restricted area around the Emilio Goeldi Museum in the middle 
of the Amazon forest. Neogossea cthulhu sp. nov. (described in this study) had the same locus 
type, which was a freshwater urban lagoon surrounded by fragments of Atlantic Forest and 
planted areas, similar to Haltidytes pseudosquamosus, recently described by Minowa and 
Garraffoni (2017).  
Two basic steps for any biogeographic study are the delimitation of the distributional 
patterns among species and the identification of the areas of endemism (e.g. Oliveira et al., 
2015; daSilva et al., 2015; Morrone, 2018). The spatial patterns of diversity and congruent 
richness patterns of Atlantic Forest fauna were analyzed, basically, based on arthropods and 
vertebrates (insects: Tyler et al., 1994; Brown and Freitas 2000; Ferro and Melo 2011; 
Hoffmeister and Ferrari, 2016; Garraffoni et al., 2017 - chelicerates: Pinto-da-Rocha et al., 
2005; DaSilva et al., 2015; Oliveira et al., 2015; Hoffmeister and Ferrari, 2016 - mammals: 
Costa et al., 2000 - birds: Durães and Loiselle 2004; Vale et al., 2018 - amphibians: Vasconcelos 
et al., 2014). The predicted areas of endemism based on these organisms can be 
compartmentalized into five main regions: (1) Pernambuco, (2) Coastal Bahia (Central), (3) 
Central Bahia (Central), (4) Serra do Mar (Southern), and (5) Paraná/Araucária (Peres et al., 
2020).  
Despite distributions of aquatic species being used for the first time to delimitate areas 
of endemism in the Atlantic Forest, intrinsic problems of the biogeographic methods and 
characteristics of freshwater meiofauna life history can explain the incongruences of our results 
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with the previous ones. In the first case, some bias can hinder the correct recovery of the 
endemic areas, such as topographic units delimitation, data incompleteness or widespread 
species (e.g. Szumik and Goloboff, 2004; Oliveira et al., 2015; Casagranda and Goloboff, 2019).  
A straightforward superimposition of hydrographic basins within the five main areas of 
endemism of Atlantic Forest shows a scenario much more complex in aquatic environments 
than terrestrial ones. In this biome, eight main hydrological basins are observed and in each of 
the five main areas of endemism more than two, not exclusive, basins are found (e.g. 
Pernambuco: Atlantic North/Northern and River São Francisco; Serra do Mar: River São 
Francisco, Atlantic East, River Paraná and Atlantic Southern; Paraná/Araucária: River Paraná, 
River Uruguai and Atlantic Southern). Furthermore, the data base for freshwater meiofauna 
taxa in the Atlantic Forest can have, at the same time, the three main problems commonly 
observed in incomplete data sampling (sensu Casagranda and Goloboff 2019): poor general 
sampling (31% of the hydrological subbasins do not have any records and 22% have very few 
- 1 to 40 records), unevenly sampled species (45% of the hydrological sub basins have 85% of 
the species richness) and geographically biased sampling (states of Paraná, São Paulo and 
Minas Gerais housed research groups with long tradition in limnologic studies and have good 
accessibility to water dams and reservoirs). On the other hand, widely distributed species can 
lead to incorrect recovering due to cluster disjoint areas (e.g.Szumik and Goloboff, 2004; 
Oliveira et al., 2015).  
In our analyses, the geographical ranges of many species reported for the Atlantic Forest 
are broadly distributed, either within this biome (27.9%), or even in other geographic regions 
(e.g., Palaearctic, Nearctic, etc.). In contrast, few of them were endemic to this biome. It is 
important to highlight that cosmopolitanism in meiofauna species has been questioned in the 
last year and many of these species have a much more restricted distribution (Curini-Galletti et 
al., 2012; Fenchel and Finlay, 2004). This misconception is directly related to the Linnean 
shortfall, as misidentifications can play an important role in the presumed ubiquitous 
distribution of these species. Furthermore, very often cosmopolitan species were described 
many decades ago and their original descriptions are simplistic (Kieneke et al., 2012; Garraffoni 
and Melchior, 2015; Kieneke and Nikoukar, 2017), or most of the bibliographical data 
regarding freshwater meiofauna geographic distribution are obtained in zooplankton ecological 
studies. 
Although we cannot consider it as a rule, an important factor to understand the 
meiofaunal distribution patterns is the presence of long-distance dispersal (Rundle et al., 2000; 
Swan and Palmer, 2000; Fontaneto, 2011). This kind of dispersion can be possible because 
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many species have parthenogenetic individuals and drought-resistant stages or drying resistant 
propagules in their life cycle. Moreover, meiobenthic organisms can be transported during flood 
conditions in which sediments are moved by high discharges or groundwater can act as an 
interstitial highway for the individuals (Brittain and Eikeland, 1988; Ward and Palm 1994). 
Our results with the total-evidence dataset showed a close relationship of planktonic 
gastrotrichs with a lineage formed by Chaetonotus bisacer Greuter, 1917, Chaetonotus 
heteracanthus Remane, 1927 and Polymerurus nodicaudus, (Voigt, 1901), reinforcing the 
single-benthic-ancestral hypothesis for semiplanktonic gastrotrichs (Hochberg and Litvaitis, 
2000; Kieneke et al., 2008a; Kånneby and Todaro, 2015). In addition to Kisielewski (1991), 
who hypothesized the relationship between Dasydytidae and the existence of a common benthic 
ancestor with Chaetonotidae, several studies have attempted to understand the evolutionary 
history of planktonic gastrotrichs using morphological data and molecular markers Bekkouche 
and Worsaae, 2016; Hochberg and Litvaitis, 2000; Kieneke et al., 2008a; Kieneke and Ostmann, 
2012; Kånneby et al., 2013; Kånneby and Todaro, 2015). Interestingly, the obtained results 
seem compatible with the close relationship between these taxa. 
Hypotheses about the relationship between Dasydytidae and Chaetonotus (Zonochaeta) 
have already been proposed based on morphology and have mainly observed the patterns of the 
mobile spines and cuticular ornaments (Remane, 1927; Schwank, 1990; Kisielewski, 1991). 
Recently, molecular data have obtained similar results (Kånneby et al., 2013; Kånneby and 
Todaro, 2015), supporting the sister group relationship (but see Bekkouch and Worsaae, 2016). 
However, although it seems that both Dasydytidae and Chaetonotus (Zonochaeta) spp. use 
motile spines for locomotion and defense against predators (Kieneke et al., 2008a; Kieneke and 
Ostmann, 2012), we should take caution with the hypothesis of considering the spines 
transversely arranged on the dorsum of Chaetonotus (Zonochaeta) spp. as evolutionarily 
homologous to the motile spines inserted ventrolaterally in Dasydytidae. This statement took 
into account new insights from myoanatomy that used fluorescence staining methods and three-
dimensional confocal laser scanning microscopy (Kieneke and Schmidt-Rhaesa, 2015). The 
motile spines in semiplanktonic gastrotrichs are controlled by highly specialized musculature, 
and as far as we know, these evolutionary novelties are present in the dasydytid ground pattern 
(Kieneke et al., 2008b, Kieneke and Ostmann 2012). Finally, we still need musculature data 
from the representatives of Chaetonotus (Zonochaeta) spp. and transmission microscopy of the 
spines to test the hypothesis of homology. In addition, some works raise other Chaetonotidae 
lineages as a sister group of the semiplanktonic gastrotrich clade, such as Arenotus strixinoi or 
as Chaetonotus (Brevipedichaeta) uncinus (Hochberg and Litvaits 2000; Kieneke et al., 2008a). 
92 
 
The Dasydytidae presented as a monophyletic clade, with two distinct lineages though 
node support was quite low. The first lineage, Ornamentula paraënsis as a sister group of 
Haltidytes species, was also obtained when only molecular data were used (Kånneby et al., 
2013; Kånneby and Todaro 2015) or when the uncommon cuticular ornamentation 
characteristics in dasydytids were analyzed (Kisielewski, 1991). However, when analyzing 
another set of morphological characters, such as the musculature arrangement, the features did 
not support this relationship because Ornamentula paraensis was closer to some Dasydytes 
lineages (Kieneke and Ostmann, 2012).  
The second lineage, comprising species of Stylochaeta and Dasydytes, was supported 
by molecular analyses (e.g. Kånneby et al., 2013, and Kisielewski, 1991) and highlighted the 
morphological similarity between these groups, but they are still considered to be distinct taxa. 
On the other hand, the monophyly of Dasydytes was under debate. Dasydytes was considered 
monophyletic by Kisielewski (1991) and in the present study (with very low support), but was 
considered paraphyletic by Kieneke et al., (2008a), Kieneke and Ostmann (2012), Kånneby et 
al., (2013) and Kånneby and Todaro (2015), because Stylochaeta was nested within Dasydytes 
species. However, Kånneby and Todaro (2015) highlighted morphological differences between 
these two groups and considered the possibility that this paraphyly was obtained due to 
methodological errors in the molecular database. 
Our analysis presents the Neogosseidae as monophyletic with high bootstrap support, 
in congruence with the results of other studies (e.g. Kånneby et al., 2015); morphologically, this 
designation was supported by several autapomorphies, such as the cephalic tentacles, the 
pharynx with two pharyngeal bulbs and the posterior truncated extremity with long spines 
(Todaro et al., 2013). However, the internal relationships were less supported. It is still 
important to add molecular information from all species described as Neogossea, along with 
Kijanebalola, to ascertain whether the relationships are sustained. 
 
Acknowledgements 
We are grateful to the Fundação de Amparo à Pesquisa do Estado de São Paulo − 
FAPESP (grant numbers: 2014/23856-0; 2017/20312-8, 2019/01955-0) and the Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior – Brasil (CAPES) Finance Code 001 for the 
financial support. We are grateful to Alexander Kieneke and anonymous reviewer for their 
constructive criticism that greatly improved the first version of the manuscript and Yasmina 





Aagesen, L., Szumik, C. A., Zuloaga, F. O., Morrone, O., 2009. Quantitative 
biogeography in the South America highlands—recognizing the Altoandina, Puna and Prepuna 
through the study of Poaceae. Cladistics 25, 295-310. https://doi.org/10.1111/j.1096-
0031.2009.00248.x. 
Appeltans, W., Ahyong, S.T., Anderson, G., Angel, M.V., Artois, T., Bailly, N., et al., 
2012. The magnitude of global marine species diversity. Curr. Biol. 22, 2189–2202. 
https://doi.org/10.1016/j.cub.2012.09.036 
Abolafia, J., 2015. A low‐cost technique to manufacture a container to process 
meiofauna for scanning electron microscopy. Microsc. Res. Tech. 78, 771-776. 
https://doi.org/10.1002/jemt.22538 
Amorim, D. S., Santos, C. M., 2018. Flies, endemicity, and the Atlantic Forest: a 
biogeographical study using topographic units of analysis. Aust. Syst. Bot. 30, 439-469. 
https://doi.org/10.1071/SB16057 
Balsamo, M., d’Hondt, J.L., Kisielewski, J., Pierboni, L., 2008. Global diversity of 
gastrotrichs (Gastrotricha) in fresh waters. Hydrobiologia 595, 85-91. 
https://doi.org/10.1007/978-1-4020-8259-7_10 
Balsamo, M., Grilli, P., Guidi, L., D'Hondt, J. L., 2014. Gastrotricha: biology, ecology 
and systematics. Families Dasydytidae, Dichaeturidae, Neogosseidae, Proichthydiidae. Vol. 24, 
pp. 1-187. Backhuys Publishers. 
Bekkouche, N., Worsaae, K., 2016. Neuromuscular study of early branching Diuronotus 
aspetos. Paucitubulatina. yields insights into the evolution of organs systems in Gastrotricha. 
Zool. Lett. 2, 21. https://doi.org/10.1186/s40851-016-0054-3 
Brigandt, I., 2002. Homology and the origin of correspondence. Biol. Philos. 17, 389-
407. https://doi.org/10.1023/A:1020196124917 
Brittain, J. E., Eikeland, T. J., 1988. Invertebrate drift: a review. Hydrobiologia 166, 77–
93. https://doi.org/10.1007/BF00017485 
Brown, K.S, Freitas, A.V.L., 2000. Atlantic forest butterflies: indicators for landscape 
conservation. Biotropica 32, 934–956 https://doi.org/10.1111/j.1744-7429.2000.tb00631.x 
Casagranda, M. D., Goloboff, P. A., 2019. On stability measures and effects of data 




Costa, LP., Leite, Y.L.R., da Fonseca, G.A.B., da Fonseca, M.T., 2000. Biogeography 
of South American forest mammals: endemism and diversity in the Atlantic forest. Biotropica 
32, 872–88. https://doi.org/10.1111/j.1744-7429.2000.tb00625.x 
Creer, S., Fonseca, V. G., Porazinska, D. L., Giblin-Davis, R., Sung, W., Power, D. M., 
Packer, M., Carvalho, G. R., Blaxter, M. L., Lambshead, P. J. D., Thomas, W. K., 2010. 
Ultrasequencing of the meiofaunal biosphere: Practice, pitfalls and promises. Mol. Ecol. 19, 4–
20. 
Curini-Galletti M, Artois T, Delogu V, De Smet WH, Fontaneto D, et al., 2012. Patterns 
of Diversity in Soft-Bodied Meiofauna: Dispersal Ability and Body Size Matter. PLoS ONE 
7.3.: e33801. doi:10.1371/journal.pone.0033801 
d'Hondt, J. L., Pourriot, R., Rougier, C., 2006. Nouvelles observations sur les 
Gastrotriches d'eau douce de Guyane française. Bull. Mens. Soc. Linn. Lyon 75, 239-245. 
d'Hondt, J. L., Pourriot, R., Rougier, C., Guiral, D., 2005. A propos de la découverte du 
Gastrotriche d'eau douce Neogossea fasciculata. Daday, 1905. en Guyane française. Bull. Mens. 
Soc. Linn. Lyon 74, 209-216. 
Darriba, D., Taboada, G.L., Doallo, R., Posada, D. 2012. jModelTest 2: More models, 
new heuristics and parallel computing. Nat, Methods 9, 772. 
https://doi.org/10.1038/nmeth.2109 
DaSilva, M.B., Pinto-da-Rocha, R., DeSouza, A.M,. 2015. A protocol for the 
delimitation of areas of endemism and the historical regionalization of the Brazilian Atlantic 
Rain Forest using harvestmen distribution data. Cladistics 31, 692–
705.https://doi.org/10.1111/cla.12121 
Durães R, Loiselle BA., 2004. Inter-scale relationship between species richness and 
environmental heterogeneity: a study case with antbirds in the Brazilian Atlantic forest. Ornitol. 
Neotrop. 15, 127–135 
Fenchel, T. O. M., Finlay, B. J., 2004. The ubiquity of small species: patterns of local 
and global diversity. Bioscience 54, 777-784. https://doi.org/10.1641/0006-
3568(2004)054[0777:TUOSSP]2.0.CO;2 
Ferro, V. G, Melo, A.S., 2011. Diversity of tiger moths in a neotropical hotspot: 
determinants of species composition and identification of biogeographic units. J. Insect Conserv. 
15, 643–651. https://doi.org/10.1007/s10841-010-9363-6 
Fonseca, G., Fontaneto, D., Di Domenico, M., 2018. Addressing biodiversity shortfalls 
in meiofauna. J. Exp. Mar. Biol. Ecol. 502, 26-38. https://doi.org/10.1016/j.jembe.2017.05.007 
95 
 
Fontaneto, D., 2011. Biogeography of Microscopic Organisms: Is Everything Small 
Everywhere?. Cambridge University Press, Cambridge. 
Galindo-Leal, C., Jacobsen, T. R., Langhammer, P. F. Olivieri, S., 2003.State of the 
hotspots: the dynamics of biodiversity loss. In The Atlantic Forest of South America: 
biodiversity status, trends, and outlook (C. Galindo-Leal & I.G. Câmara, eds.). Center for 
Applied Biodiversity Science and Island Press, Washington, p. 12-23.  
Garraffoni, A. R. S., Melchior, M. P., 2015. New species and new records of freshwater 
Heterolepidoderma (Gastrotricha: Chaetonotidae) from Brazil with an identification key to the 
genus. Zootaxa, 4057, 551-568. https://doi.org/10.11646/zootaxa.4057.4.5  
Garraffoni, A. R. S., Araújo, T. Q., Lourenço, A. P., Guidi, L., Balsamo, M., 2017. A 
new genus and new species of freshwater Chaetonotidae. Gastrotricha: Chaetonotida. from 
Brazil with phylogenetic position inferred from nuclear and mitochondrial DNA sequences. 
Syst. Biodivers. 15, 49-62. https://doi.org/10.1080/14772000.2016.1214189 
Garraffoni, A. R. S., Araújo, T. Q., Lourenço, A. P., Guidi, L. Balsamo, M., 2019a. 
Integrative taxonomy of a new Redudasys species. Gastrotricha: Macrodasyida. sheds light on 
the invasion of freshwater habitats by macrodasyids. Sci. Rep. 9:2067. 
https://doi.org/10.1038/s41598-018-38033-0 
Garraffoni, A. R. S., Moura, F. R., Lourenço, A. P., 2017. Areas of endemism in the 
Atlantic Forest: quantitative biogeography insights from orchid bees. Apidae: Euglossini. 
Apidologie 48, 513-522. https://doi.org/10.1007/s13592-017-0494-6 
Garraffoni, A. R. S., Kieneke, A., Kolicka, M., Corgosinho, P. H., Prado, J., Nihei, S. 
S., Freitas, A. V., 2019b. ICZN Declaration 45: a remedy for the nomenclatural and typification 
dilemma regarding soft-bodied meiofaunal organisms? Mar. Biodivers. 1-9. 
https://doi.org/10.1007/s12526-019-00983-7 
Giere, O., 2009. Introduction to Meiobenthology. Meiobenthology: The Microscopic 
Motile Fauna of Aquatic Sediments, 1-6. 
Goloboff, P., 2005. NDM/VNDM v. 2.5. Programs for identification of areas of 
endemism. http://www.zmuck.dk/public/philogeny/endemism.  
Goloboff, P. A., Farris, J. S., Nixon, K. C., 2008. TNT, a free program for phylogenetic 
analysis. Cladistics 24, 774-786. https://doi.org/10.1111/j.1096-0031.2008.00217.x 
Hochberg, R., 2001. A special form of sensory cilia in Lepidodermella squamata. 




Hochberg, R., Litvaitis, M. K., 2000. Phylogeny of Gastrotricha: a morphology-based 
framework of gastrotrich relationships. Biol. Bull. 198, 299-305. 
https://doi.org/10.2307/1542532 
Hoffmeister, C. H., Ferrari, A., 2016. Areas of endemism of arthropods in the Atlantic 
Forest. Brazil.: an approach based on a meta consensus criterion using endemicity analysis. 
Biol. J. Linn. Soc. 119, 126-144. https://doi.org/10.1111/bij.12802 
Hortal, J., de Bello, F., Diniz-Filho, J.A.F., Lewinsohn, T.M., Lobo, J.M., Ladle, R.J., 
2015. Seven shortfalls that beset large-scale knowledge of biodiversity. Annu. Rev. Ecol. Evol. 
Syst. 46, 523–549. https://doi.org/10.1146/annurev-ecolsys-112414-054400 
Kånneby, T., Todaro, M. A., 2015. The phylogenetic position of Neogosseidae. 
Gastrotricha: Chaetonotida. and the origin of planktonic Gastrotricha. Org. Divers. Evol. 15, 
459-469. https://doi.org/10.1007/s13127-015-0223-9 
Kånneby, T., Todaro, M. A., Jondelius, U., 2013. Phylogeny of Chaetonotidae and other 
Paucitubulatina. Gastrotricha: Chaetonotida. and the colonization of aquatic ecosystems. Zool. 
Scr. 42, 88-105. https://doi.org/10.1111/j.1463-6409.2012.00558.x 
Katoh, K., Standley, D. M., 2013. MAFFT multiple sequence alignment software 
version 7: improvements in performance and usability. Mol. Biol. Evol. 30, 772-780. 
https://doi.org/10.1093/molbev/mst010 
Kieneke, A., Nikoukar, H., 2017. Integrative morphological and molecular investigation 
of Turbanella hyalina Schultze, 1853 (Gastrotricha: Macrodasyida), including a redescription 
of the species. Zool. Anz 267, 168-186. https://doi.org/10.1016/j.jcz.2017.03.005 
Kieneke, A., Ostmann, A., 2012. Structure, function and evolution of somatic 
musculature in Dasydytidae. Paucitubulatina, Gastrotricha. Zoomorphology, 131.2., 95-114. 
https://doi.org/10.1007/s00435-012-0152-5 
Kieneke, A., Schmidt-Rhaesa, A., 2015 Gastrotricha. In: Schmidt-Rhaesa, A. Ed., 
Handbook of Zoology. Vol. 3. Gastrotricha and Gnathifera, De Gruyter, Berlin, Boston, 134 pp. 
Kieneke, A., Riemann, O., Ahlrichs, W. H., 2008a. Novel implications for the basal 
internal relationships of Gastrotricha revealed by an analysis of morphological characters. Zool. 
Scr. 37, 429-460. https://doi.org/10.1111/j.1463-6409.2008.00334.x 
Kieneke, A., Martínez-Arbizu, P., Riemann, O., 2008b. Body musculature of 
Stylochaeta scirtetica Brunson, 1950 and Dasydytes. Setodytes. tongiorgii. Balsamo, 1982. 




Kieneke, A., Martínez-Arbizu, P.M, Fontaneto, D., 2012, Spatially structured 
populations with a low level of cryptic diversity in European marine Gastrotricha. Molecular 
Ecology, 21: 1239-1254. doi:10.1111/j.1365-294X.2011.05421.x 
Kisielewski, J., 1991. Inland-water Gastrotricha from Brazil. Ann. Zool. 43, 1-168. 
Lewinsohn, T. M., Freitas, A. V. L., Prado, P. I., 2005. Conservation of terrestrial 
invertebrates and their habitats in Brazil. Biol. Conserv. 19, 640-645. 
Minowa, A. K., Garraffoni, A. R. S., 2017. A new species of Haltidytes Remane, 1936. 
Gastrotricha: Chaetonotida: Dasydytidae. from an urban lagoon in Brazil with a phylogenetic 
reconstruction of the genus based on morphological data. Zool. Anz. 269, 100-109. 
https://doi.org/10.1016/j.jcz.2017.08.003 
Mittermeier, R. A., Gil, P. R., Hoffman, M., Pilgrim, J., Brooks, T., Mittermeier, C. G.,. 
Saligmann, P. A., 2004. Hotspots Revisited: Earth’s Biologically Richest and Most Endangered 
Terrestrial Ecoregions Cemex. Mexico City. 
Morrone, J. J., 2018. The spectre of biogeographical regionalization. J. Biogeogr. 45, 
282-288. https://doi.org/10.1111/jbi.13135 
Müller, C. A., de Mattos Pereira, L., Lopes, C., Cares, J., dos Anjos Borges, L. G., 
Giongo, A., Morassutti, A. L., 2019. Meiofaunal diversity in the Atlantic Forest soil: A quest 
for nematodes in a native reserve using eukaryotic metabarcoding analysis. For. Ecol. Manag. 
453, 117591. https://doi.org/10.1016/j.foreco.2019.117591 
Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., Kent, J., 2000. 
Biodiversity hotspots for conservation priorities. Nature, 403, 853–858. 
https://doi.org/10.1038/35002501 
Nixon, K. C. 2002. WinClada (beta). Version. 1.00.08. Published by the author, Ithaca, 
New York 
Nixon, K. C., Carpenter, J. M., 2012. On homology. Cladistics 28, 160-169. 
https://doi.org/10.1111/j.1096-0031.2011.00371.x 
Oliveira-Filho, A.T., Fontes., M.A.L., 2000. Patterns of floristic differentiation among 
Atlantic Forests in southeastern Brazil and the influence of climate. Biotropica 32, 793-810. 
https://doi.org/10.1111/j.1744-7429.2000.tb00619.x 
Oliveira, U., Brescovit, A. D., Santos, A. J., 2015. Delimiting areas of endemism 




Peres, E. A., Pinto-da-Rocha, R., Lohmann, L. G., Michelangeli, F. A., Miyaki, C. Y., 
Carnaval, A. C., 2020. Patterns of species and lineage diversity in the Atlantic rainforest of 
Brazil. In Neotropical Diversification: Patterns and Processes. Springer, pp. 415-447. 
Pinto-Da-Rocha, R., DaSilva, M.B., 2005. Faunistic similarity and historic 
biogeography of the harvestmen of southern and southeastern Atlantic Rain Forest of Brazil. J. 
Arachnology 33, 290–299. https://doi.org/10.1636/04-114.1 
Remane, A., 1927. Neue Gastrotricha Macrodasyoidea. Zool. Jahrb. Abt. Anat. Ontog. 
Tiere 54, 203-242. 
Ribeiro, M.C., Metzger, J.P., Martensen, A.C., Ponzoni, F.J., Hirota, M.M., 2009. The 
Brazilian Atlantic Forest: How much is left, and how is the remaining forest distributed? 
Implications for conservation. Biol. Conserv. 142, 1141–1153. 
https://doi.org/10.1016/j.biocon.2009.02.021 
Rundle, S. D., Bilton, D. T., Shiozawa, D. K., 2000. Global and regional patterns in lotic 
meiofauna. Freshw. Biol. 44, 123-134. https://doi.org/10.1046/j.1365-2427.2000.00593.x 
Scarano, F. R., 2002. Structure, function and floristic relationships of plant communities 
in stressful habitats marginal to the Brazilian Atlantic rainforest. Ann. Bot. 90, 517-524. 
https://doi.org/10.1093/aob/mcf189 
Schwank, P., 1990. Gastrotricha. In J. Schwoerbel and P. Zwick. Eds. Süsswasserfauna 
von Mitteleuropa, Band 3. Gastrotricha und Nemertini. pp. 1–252. Gustav Stuttgart, Jena, New 
York: Fischer Verlag. 
Swan, C. M., Palmer, M. A., 2000. What drives small‐scale spatial patterns in lotic 
meiofauna communities? Freshw. Biol., 44, 109-121. https://doi.org/10.1046/j.1365-
2427.2000.00587.x 
Teixeira, A. M. G., Soares-Filho, B. S., Freitas, S. R., Metzger, J. P., 2009. Modeling 
landscape dynamics in an Atlantic Rainforest region: implications for conservation. For. Ecol. 
Manag. 257, 1219-1230. https://doi.org/10.1016/j.foreco.2008.10.011 
Todaro, M. A., Perissinotto, R., Bownes, S. J., 2013. Neogosseidae. Gastrotricha, 
Chaetonotida. from the iSimangaliso Wetland Park, KwaZulu-Natal, South Africa. ZooKeys 
315, 77-94. https://doi.org/10.3897/zookeys.315.5593 
Todaro, M. A., Leasi, F., Hochberg, R., 2014. A new species, genus and family of 
marine Gastrotricha from Jamaica, with a phylogenetic analysis of Macrodasyida based on 
molecular data. Syst. Biodivers. 12, 473-488. https://doi.org/10.1080/14772000.2014.942718 
Todaro, M. A., Sibaja-Cordero, J. A., Segura-Bermúdez, O. A., Coto-Delgado, G., 
Goebel-Otárola, N., Barquero, J. D., Cullell-Delgado, M., Dal Zotto, M., 2019. An Introduction 
99 
 
to the Study of Gastrotricha, with a Taxonomic Key to Families and Genera of the Group. 
Diversity 11, 117. https://doi.org/10.3390/d11070117 
Tyler, H.A., Brown-JR, K.S., Wilson, K.H., 1994. Swallowtail butterflies of the 
Americas: a study in biological dynamics, ecological diversity, biosystematics and conservation. 
Scientific Publishers, Gainesville, 377p. 
Szumik, C. A., Goloboff, P. A., 2004. Areas of endemism: an improved optimality 
criterion. Syst. Biol. 53, 968-977. https://doi.org/10.1080/10635150490888859 
Szumik, C. A., Cuezzo, F., Goloboff, P. A., Chalup, A. E., 2002. An optimality criterion 
to determine areas of endemism. Syst. Biol. 51, 806-816. 
https://doi.org/10.1080/10635150290102483 
Vaidya, G., Lohman, D. J., Meier, R., 2011. SequenceMatrix: concatenation software 
for the fast assembly of multi‐gene datasets with character set and codon information. Cladistics 
27, 171-180. https://doi.org/10.1111/j.1096-0031.2010.00329.x 
Vale, M.M., Tourinho, L., Lorini, M.L., Rajão, H., Figueiredo, M.S.L., 2018. Endemic 
birds of the Atlantic forest: traits, conservation status and patterns of biodiversity. J. Field 
Ornithol. 89, 193–206. https://doi.org/10.1111/jofo.12256 
Vasconcelos, T.S., Prado, V.H.M., da Silva, F.R., Haddad, C.F.B., 2014. Biogeographic 
distribution patterns and their correlates in the diverse Frog Fauna of the Atlantic forest hotspot. 
PLoS One 9, e104130. https://doi.org/10.1371/journal.pone.0104130 
Ward, J. V., Palmer, M. A., 1994. Distribution patterns of interstitial freshwater 
meiofauna over a range of spatial scales, with emphasis on alluvial river-aquifer systems. 





Table 1. Taxa included in this study, with GenBank accession numbers of 18S rDNA, 





  18S 28S CO1   
Family Chaetonotidae         





JQ798677 Kånneby et al. (2013) 






JQ79726 Kånneby et al. (2013) 






KP713405 Kolicka et al. (2016) 
Cephalionotus kisielewskii Garraffoni 






Garraffoni et al. 
(2017), this study 






JQ798706 Kånneby et al. (2013) 
Chaetonotus (Chaetonotus) 





JQ798734 Kånneby et al. (2013) 






- Kånneby et al. (2013) 
Chaetonotus (Primochaetus) 





JQ798681 Kånneby et al. (2013) 
Chaetonotus (Primochaetus) 
acanthocephalus Valkanov, 1937 
JQ798
569 
- JQ798701 Kånneby et al. (2013) 
Chaetonotus (Schizochaetonotus) 





JQ798725 Kånneby et al. (2013) 






- Kånneby et al. (2013) 






- Kånneby et al. (2013) 






JQ798688 Kånneby et al. (2013) 
Heterolepidoderma acidophilum 





JN185543 Kånneby et al. (2012) 






JQ798705 Kånneby et al. (2013) 






JQ798680 Kånneby et al. (2013) 






JN185575 Kånneby et al. (2013) 






JN185573 Kånneby et al. (2012) 
Family Dasydytidae         






JQ798702 Kånneby et al. (2013) 
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JQ798700 Kånneby et al. (2013) 






JQ798703 Kånneby et al. (2013) 







Minowa & Garraffoni 
(submitted) 






- Kånneby et al. (2013) 
Haltidytes pseudosquamosus Minowa 






Minowa & Garraffoni 
(submitted) 






JQ798697 Kånneby et al. (2013) 





JN185550 Kånneby et al. (2012) 






Kånneby & Todaro 
(2015) 
Family Neogosseidae         







Kånneby & Todaro 
(2015) 







Kånneby & Todaro 
(2015) 






Kånneby & Todaro 
(2015) 





- This study 
Family Xenotrichulidae         






JN185541 Kånneby et al. (2013) 
Family Muselliferidae         
Diuronotus aspetos Todaro, Balsamo 












Table 2. Morphometric features of Neogossea cthulhu sp. nov. All measurements in μm. 
H: holotype, P: paratypes. 
Feature H P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Range Mean 
Body length, 
spines excluded 245 316 250 259 232 210 212 262 167 190 150 150-316 248 
Total body 
length 455 559 524 392 396 399 492 502 325 252 323 252-559 465 
Diameter of 
mouth ring 22 45 31 37 22 42 36 38 22 27 27 23-45 34 
Tentacle length 37 52 44 51 32 46 37 50 30 29 31 23-52 44 
Pharynx total 
length 70 115 105 82 60 90 73 86 71 69 68 23-115 85 
Pharynx anterior 
bulb width 30 44 41 33 26 31 38 40 39 24 24 23-44 35 
Pharynx anterior 
bulb length 25 32 21 21 21 29 24 24 37 30 26 23-32 25 
Pharynx 
posterior bulb 
width 45 75 60 52 28 64 61 65 28 41 41 23-75 56 
Pharynx 
posterior bulb 
length 44 81 77 61 40 61 48 62 35 40 39 23-81 59 
Number of 
caudal spines per 
side 8 8 8 8 8 8 8 8 8 8 8 8 8 
Maximum length 




Figure 1. Schematic drawing of Neogossea cthulhu sp. nov. A: dorsal; B: ventral; C: 
Close-up of the scale pattern; D: pedunculated scale upper view. ab: anterior sensory bristles, 
at: anterior ciliary tuft; av: anterior ventral cilia, ba: cephalic ciliary band, bs: pharyngeal bulb, 
cc: caudal claw-like protuberance, ce: cephalion, mr: mouth ring with projections, ms: medial 
terminal spines, mv: medial ventral cilia, m1: anterior medial ciliary cephalic tuft; m2: posterior 
medial ciliary cephalic tuft; pb: posterior sensory bristles, pp3: posterior medial protuberance 
bearing three spines, ps: posterior spines, psc: pedunculated scales, pt: posterior ciliary tuft; tn: 





Figure 2. Microphotography of Neogossea cthulhu sp. nov. digitally documented under 
a light microscope equipped with DIC. A-C, E and G holotype; D and F paratype 5. A: Dorsal 
view; B: ventral view; connection between inner body wall and the cuticle (black arrows); C: 
dorsal view; D: ventral view; E: Dorsal view of posterior end (arrow: sensory bristles); F: dorsal 
view pharynx; G: ventral view of posterior medial protuberance bearing three spines. ad: 
anterior pharynx dilatation, cc: caudal claw-like protuberance, ceb: cephalic ciliar transverse 
band, ct: ciliary tuft, mc: middle pharynx constriction, pb: posterior sensory bristles, pd: 
posterior pharynx dilatation, pp3: posterior medial protuberance, ps: posterior spines, psc: 




Figure 3. Neogossea cthulhu sp. nov. SEM photos. A: lateral view; B: dorsal view; C: 
Posterior spine base; D: dorsal head view; E: lateral view. cc: caudal claw-like protuberance, 




Figure 4. Neogossea cthulhu sp. nov. SEM photos. A: lateral head view; B: cephalic 
tentacle; C: lateral head view; D: lateral pleura and cephalic tentacle; and cephalic tentacle; E, 
F: Lepidochaetus zelinkai lateral head view. ce: cephalion; cp: lateral pleura; ep: epipleura; hp: 




Figure 5. Hydrographic sub-basin proposed by Departamento Nacional de Águas e Energia 
Elétrica (DNAEE) - Brazil. A: Record points distribution over species richness map by 
hydrographic sub-basin; B: Record points of distribution of each taxa over species richness map. 
C: Areas of endemism as groups of grid cells (NDM) over Topographic-Unit Parsimony 
Analysis (TUPA). 1. Paraná/Paranapanema/Amambaí/others; 2. Grande; 3. Parnaíba; 4. 
Paraná/Tietê/others; 5. Paraná/Verde/Peixe/others; 6. Paraná/Iguaçú; 9. Litorânea do Rio de 
Janeiro; 10. Paraíba do Sul; 11. Litorâneas do Espírito Santo; 12. Doce; 13. São 
Mateus/Itanham/others; 14. Jequitinhonha; 15. Pardo/Cachoeira/others; 16. Contas; 17. 
Itapicuru/Vaza Barris/others; 18. Jequiriçá/Paraguaçu/others; 19. Alto São Francisco/Três 
Marias; 20. Das Velhas/São Francisco; 28. São Francisco/jusante do Pajeú; 47. Paraíba/others; 
48. Litorâneas de Pernambuco/Alagoas; 49. Pelotas; 54. Tubarão/Capivari/others; 55. Taquari; 
57. Camaquã/Jacuí/lagoa dos Patos/others; 58. Litorâneas de São Paulo; 59. Ribeira do Iguape; 
60. Cachoeira/São João/others; 71. Canoas; 72. Itajaí; 73. Uruguai/Inhanduva/Peixe/others; 74. 





Figure 6. Maximum parsimony reconstruction based on molecular and morphological 
datasets. Molecular dataset aligned in MAFFT. Numbers at nodes indicate bootstrap support 




6. CONSIDERAÇÕES FINAIS 
Os resultados apresentados são de grande importância para o aumento do conhecimento 
da biodiversidade de Gastrotricha, especialmente entre os raros organismos semi-planctônicos. 
Principalmente para o Brasil, onde apesar dos enormes esforços de pesquisadores como 
Kisielewski (1991), e os mais recentes trabalhos (Araújo et al., 2013, 2014, 2016; Bosco et al., 
2020; Campos et al., 2020; Garraffoni & Melchior 2016; Garraffoni et al., 2016, 2017a, 2017b, 
2019; Hochberg 2014; Kisielewski, 1987; Minowa & Garraffoni, 2017, 2020; Todaro et al.2012, 
2013; Todaro & Rocha, 2004, 2005), nosso conhecimento sobre o grupo ainda se prova bastante 
incipiente. 
Apesar das dificuldades inerentes do trabalho com estes organismos, tanto por seu 
tamanho diminuto e fragilidade, como por sua própria raridade (Fonseca et al., 2018), o presente 
projeto contribui para o conhecimento da biodiversidade brasileira apresentando duas novas 
espécies para a comunidade científica e novos locais de ocorrência de diversas espécies 
conhecidas. As espécies novas são de grande importância taxonômica por pertencerem a grupos 
pouco especiosos. Mas também são de importância filogenética, por apresentarem 
características morfológicas que sustentam novas hipóteses de homologia entre as diferentes 
linhagens do grupo, revelando assim sua história evolutiva. Os novos registros dos organismos 
brasileiros em localidades dos estados de São Paulo, Piauí e Pará são importantes não só pelo 
reconhecimento da distribuição geográfica, mas também por permitir obter características 
morfológicas e dados moleculares antes inacessíveis aos autores originais. Somado a isso, ainda 
foram encontrados organismos distintos daquelas já descritas na literatura, sendo possivelmente 
espécies ainda a serem descritas, somando um estoque de pelo menos 3 espécies putativas de 
organismos semi-planctônicos e outros diversos bentônicos. 
Além disso, as análises de endemicidade e unidades topográficas (Capítulo 3) utilizando 
registros de representantes de diferentes táxons meiofaunais são contribuições importantes não 
só para o conhecimento dos padrões de distribuição de Gastrotricha, mas também para acessar 
parte importante, porém negligenciada da biodiversidade do Bioma da Mata Atlântica. Entre os 
problemas enfrentados durante este tipo de análise está a abundância de trabalhos de cunho 
ecológico, que apesar de sua importância no estudo de suas populações, são mais suscetíveis a 
problemas de identificação das espécies. Como já é conhecido que diversas espécies 
meiofaunais são consideradas espécies cosmopolitas, mas com uma grande possibilidade de se 
tratar de problemas taxonômicos (Cerca et al., 2018). Por fim, a análise filogenética com a 
abordagem de evidência total, é um marco importante no processo de elucidar os processos 
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evolutivos que resultam na atual biodiversidade e estabelecer uma classificação taxonômica 
sustentada por princípios filogenéticos. 
O avanço do conhecimento taxonômico global está em seu pico, com inúmeras espécies 
novas sendo descobertas a cada ano, especialmente na América do Sul (Appeltans et al., 2012), 
mas o conhecimento sobre esses pequenos metazoários ainda continua escasso, comparado a 
outros organismos macrofaunais, tanto no que se refere a biodiversidade quanto na sistemática 
e morfologia comparada (Fonseca et al., 2018). Assim, como perspectivas futuras, é 
imprescindível a continuação do trabalho taxonômico, mas também igualmente importante é o 
estudo desta biodiversidade sob uma perspectiva evolutiva, aproveitando-se do enorme avanço 
tecnológico para exploração de novos habitats e localidades, utilizando os métodos moleculares 
cada vez mais acessíveis (Appeltans et al., 2012) e estudos morfológicos utilizando novas 
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